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PREFACE. 



The favourable reception accorded these articles when they 
originally appeared, some eighteen months ago, in the ' English 
Mechanic' has induced the author to reissue them in book 
form. They have been thoroughly revised and enlarged, much- 
of the additional matter being suggested to the author by the 
numerous questions addressed to him on the subject of electric 
bell fitting in the query columns of that journal 

Ejiowing the want that is felt of practical information on 
this subject, it has been the aim of the author to deal with it 
in an explicit and thoroughly exhaustive manner, and to lay 
before the fitter the " why and wherefore " of electric bell fitting 
in a way that he feels sure will be most readily understood. 

The author desires to express his thanks to the following 
firms for the use of some of the cuts' contained herein: — to 
Messrs. Binswanger (of the General Electric Apparatus Co.), 
Messrs. Woodhouse and Bawson, Messrs. Jensen, The Tele- 
graph Manufacturing Co , The Walsall Electrical Co., Messrs. 
Mayfield, Cobb & Co , Gent, judson, and Therpe. 

F. 0. ALLSOP. 

37, Norfolk Stbeet, Strand, W.O. 
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WIBTKO, SOLDEBIKG AND JODONG WIBES, AKD BABTH 
OONIOBOTIONS. 

The great and increasing demand for electric bells in this 
country has been productive of a vast improvement, not only 
in the bells themselves, but in all the apparatus appertaining 
to them. Keen competition has, on the other hand, resulted in 
the placing in the market of inferior bells, indicators, and 
pushes — chiefly of foreign make — which are altogether of an 
nnsatisfjEustory nature. These are generally fixed in conjunction 
with a system of cheap and inferior wiring, and, when so fixed, 
have resulted in nothing but universal dissatisfSftction. 

Greater evils, however, result from inferior wiring than from 
cheap and inferior bells and indicators, as these are at all times 
accessible, while renewing the wires after a building has been 
completed and finished can only be done at great expense and 
trouble ; and the use of bad wire cannot but be prejudicial to 
both buyer and seller. It may be urged that the size of wire 
herein mentioned is rather large and expensive ; but the author 
is sure that the slight extra expense entailed by its employment 
will be fully repaid by its greatly increased durability, an the 
immunity from repeated breakdowns in the communication from 
l^e failure of a bad wire. 

For indoor work, &o., No. 18 B.W.Q. copper wire, covered 



2 PRACTICAL ELECTRIC BELL FITTING. 

with guttapercha and with a final covering of cotton wound 
round and round, making in all a total thickness of No. 10 
B.W.Q., should be used. This should be obtained in two 
different colours, all the return wires from the pushes being 
kept of one colour, and the outgoing of the other. This should 
be strictly adhered to, as it greatly facilitates matters in first 
laying the wires, and, should a fault subsequently occur in any 
of the wires, the.faulty wire haying been found at one place, 
*!• ;*there*i7*3ioCjcB&olilty in identifying it at either the push or 
"battery end. ^ iJ^or^'outdoor work or exposed places the wire 
•. \ •.•:^M4K*i8?fee^in*ielephony for the "leading in wires" will be 
*/ound the most suitable ; these wires generally consist of No. 18 
B.W.G. copper wires covered with two coatings of guttapercha 
to a total thickness of No. 10 B.W.G., tightly wound with tape, 
and lastly, well covered with Stockholm tar. When the wires 
are situated in places where the atmosphere is subject to much 
variation, such as being alternately dry and damp, it will be 
found advantageous to employ wires insulated with indiarubber 
in preference to those covered with guttapercha, as under these 
conditions the guttapercha is liable to crack, and the wiring will 
show at times excessively low insulation. In very dry situa- 
tions a class of wire known as paraffin may be used. The insu- 
lation of this wire consists of a number of longitudinal strands 
of cotton, followed by other strands wound round and round the 
longitudinal ones, the whole being afterwards immersed in 
melted paraffin wax, and polished by friction. These wires are 
also to be obtained with the outer covering of cotton, instead of 
being simply wound round the wire, plaited round it. Wire 
thus treated is known as " braided," and, though rather dearer 
in price, is to be preferred, as the ends, when stripped, have no 
tendency to unravel, a great fault of the ordinary paraffin wire. 
Owing to the variety of colours and patterns in which it can be 
obtained, paraffin wire is very suitable for running round skirt- 
ing and places where it is exposed to view. A great saving of 
time and trouble can be effected by using wire that is ^ tinned," 
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i. e. has been coated with a thin layer of tin preyionsly to being 
insnlated. The nse of tinned wire greatly facilitates getting 
good joints, and the ends, when stripped for placing nnder the 
binding screws, do not oxidise like the plain copper. 

For all ordinary work the fitter is strongly advised never to 
employ a wire of smaller gange than that mentioned above, as 
the smaller size wires, snch as No. 20 or 22, that are sometimes 
employed, are bnt ill-fitted to withstand the rongh nsage to 
which they are so frequently treated when being drawn through 
the tubes, or, if stapled round the skirling, to the accidental 
knocks and injury to which they must necessarily be subjected. 
There are instances, however, where the employment of a smaller 
gauge wire is not objectionable, and, indeed, often advisable— 
in the case of a large hotel or other building where the number 
of wires employed is very great, and where the wires, in pre- 
ference to being put in tubes, should be run in a special wood 
casing. Here the wires can be laid in the casing without being 
subjected to any strain, and the lid being removed, they can 
easily be got at for inspection. Owing to the number of wires, 
it is important that the gauge of the wires should be reduced as 
much as possible, in order to bring the casing down to a con- 
venient size ; so it is preferable to employ a smaller size wire, 
No. 20 or even No. 22 being used for this purpose. The resist- 
ance of the circuits will, of course, be higher than if No. 18 had 
been used, but the cost of the addition of a few more cells to the 
battery is but a small portion of what the extra expense of wiring 
the building with No. 18 would be. 

Sometimes, with a view to economy, the " main '* wire, 
i. e. the wire that runs from one pole of the battery to one of 
the springs of all the pushes, is heavily insulated, and the 
" line," or remainder of the wires, covered with a second-rate 
insulation. But this method is not advocated, it being the 
cheapest in the end to insulate all the wires equally well. For 
although no leakage takes place from pole to pole of the battery, 
owing to the main wire being well insulated and ending at the 

b2 
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pushes, yet, after a time, leakage takes place between the Una 
wires themselves, causing, when a push is pressed, two or three 
shutters of the indicator to fall in addition to the right one. 

In fixing the wires the method employed will, to a certain 
extent, vary to suit the particular requirements of each case. 
In a new building the wiring should be commenced as soon as 
the bare walls are up and the roof on. In this case the wires 
should be placed in light zinc tubes, and the tubes nailed to the 
walls with stout 2-inch floor brads. As the walls would not at 
this stage be plastered, an uninterrupted run can be secured 
from the top to the bottom. Care must be taken, in sliding 
these tubes over the wire, not to abrade the insulation, and 
never put more wires in one tube than will slide through easily. 

When wires are run in tubes there are two methods that may 
be adopted : (Ist) the wires and tubes may be fixed at the same 
time, or (2nd) the tubes may first be nailed to the walls, and 
the wires drawn in afterwards. The first is without doubt the 
best and most expeditious method. The objection generally 
urged against it is that the plaster being put on after the tubes 
are fixed, the damp during the drying of the walls passes into the 
tubes and affects the insulation of the wires. No doubt during 
the drying of the walls some moisture does collect in the tubes, 
biit it soon dries out, and if the size wire advocated here is used, 
the moisture is not in the tubes long enough to do any harm. 

In the second method, however, it is never possible to get 
straight runs for the tubes, and unless the tubes are very care- 
fully fixed, some abrasion of the wires is sure to take place 
when they are being drawn in, which sooner or later develops 
into a serious fault. In putting in wires by the first method, 
the wire is first cut off the right length, and the different 
lengths of tube slipped over and nailed up to the wall, one 
length of tube being fixed before the next length is put on. In 
the second method, the tubes having been fixed and the plastering 
done, a bare copper wire is passed through the tube from the 
top to the bottom. At the bottom is an assistant waiting to 
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receive the end of the wire, which he fastens to the end of a 
coil of insulated wire that he has by the side of him. He 
then gives a signal, and the wire is drawn through the tube, 
the assistant carefully guiding the wire into the tube, and 
preventing the wire getting into kinks. 

In joining the lengths of tube, the end of the one should 
be slidden over the other for about an inch or so. To do this, 
open the end of the length of tube which you are 
going to add, with the pliers, so that it will pass ^i®- 1- 
over the next, bend the edge of the inner one (\Ay^ 
slightly outwards, and then slide the other length 
over it, as shown in Fig. 1 ; this will prevent any 
abrasion of the insulation, should it be necessary 
to pull a new wire through at any future time. 
Try to get as straight a nm for the tubes as pos- 
sible, so as to facilitate renewing a wire should it 
be absolutely necessary. 

The position of the pushes should be deter- 
mined as early as possible, so that the blocks to 
which they are to be fixed can be put in their 
places. When the position has been determined, 
which is generally not until the plastering is done 
and the chimney-piece fixed, the plaster must be cut away to 
permit a round, bevelled wood block (shown in perspective in 
Fig. 2 and in section in Fig. 3), being nailed with two or 
three floor brads to the brickwork. This 
block, made preferably in elm, is 3 inches ^^®- ^* 

at its greater, and 2.^ inches at its lesser 
diameter, and of such thickness that when 
it is fixed its face comes flush with the 
surface of the plaster. As will be seen from 
Fig. 3, there is a groove cut from one side to the centre, so as to 
allow the tube carrying the wires to enter a little way. In 
rooms where there are two pushes, one on each side of the fire- 
place, it is preferable to take the tubes carrying the wires 
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round over the mantelpiece, instead of going round or undef 
the hearthstone. 

If the building to be wired is in a finished state, the above 
method cannot, of coarse, be adopted. In this case the wires 

should be run. round the skirting 
board and under the floors, fixing 
the wire with small staples. Do 
not, however, drive a staple so 
far as to injure the insulation, 
and never put two wires under one 
staple, or allow two staples to 
touch one another. All staples, 
especially those used for outdoor 
work or in exposed places, should 
be well galvanised or coppered. 
If the sight of the wires is ob- 
jected to, a light ornamental 
casing to match the skirting may 
be employed to contain the wires 
in such places as they are exposed 
to view ; this will also serve 
to protect the wires from me- 
chanical injury. 

Where wires are run under 
the floors in the same direction 
as the boards, they should be placed in small notches cut in the 
top of the joist, ^ inch apart, in the centre of the floor board. 
If the wires are placed near the edge, they are liable to be 
injured in screwing down the board. If there are many wires, 
the practice of notching the joist is not advocated, as it weakens 
the joist. A better plan is to bore a hole for each wire about 
2 inches from the top of the joist, as this practically does not 
weaken them at all. When the boards are replaced, care should 
be taken to see that they are screwed, and not nailed, down, so 
as to allow of ready access. 
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In places where commnnication has to be extended to an out- 
building some distance off (such as &om the house to the 
stables), a naked wire is taken overhead. For this purpose 
No. 16 B.W.G. hard-drawn copper wire should be employed, 
the wire being fixed on insulators either supported out from 
the walls by an iron bracket, or slung by means of 7-18 gal- 
vanised iron wire from the most accessible chimneystacks. The 
G.P. leading-in wire should be joined to the line wire at the 
last insulator, and passed down the side of the building into 
the interior through a hole that has been previously knocked 
through. The leading-in wire, before passing into the hole, 
should make a dip below and then bend up again, so as to 
cause any water running down to drip off at the bend. In 
some cases the use of overhead wires is objected to on account 
of their unsightliness. The wire (such as is advised for out- 
door purposes) may then be placed in a small, creosoted wood 
casing, laid underground at about 10 inches or 
12 inches from the surface. Such a casing is ^^* 

shown in Fig. 4. It can be constructed very 
cheaply, and is to be preferred to iron pipes 
in most instances, from its accessibility at all 
parts. In going under roads, however, and 
ground where there is much traffic on the sur- 
face, iron piping should invariably be used, care being taken 
to get the joints perfectly watertight. 

Where an earth return is necessary, care should be taken to 
obtain a good connection. Some people seem to have an idea 
that any flimsy attachment, such as twisting a wire round the 
nearest gas bracket, is sufficient. This, though it may be 
simple, is by no means efficient, and as the wire rapidly 
oxidises, a break in the communication occurs a day or two 
after the apparatus is fixed. To make a good earth connection, 
the following plan should be adopted:— Having selected the 
most accessible point in^ the nearest water main, and scraped 
the pipe clean for a length of about 8 inches, take a piece of 
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naked copper wire, No. 16 B.W.G., abont 2 feet long, pre- 
vionsly brightened with emery paper, and twist this tightly 
round the pipe, leaving a tail of about 6 inches; then solder 
the whole well together. Now ran your earth wire, which 
should consist of No. 16 naked copper or 8-16 galvanised 
iron wire, twisting and soldering this to the projecting 
tail. 

If this is properly done, an excellent and lasting earth con- 
nection will be secured. Great care should be taken to see 
that this is not a cistern pipe, for, if so, there will be a ** bad 
earth," caused by the break in continuity at ball-cock in the 
cistern. 

Should there be no water main within reasonable distance, 
attach to the gas main, the street side of the meter (if on 
the house side the meter must be bridged over with a piece 
of wire), owing to the white and red lead used in the joints 
making a very bad electrical connection. Never, if it can 
possibly be avoided, have the earth connection on the water 
main at one end, and on the gas main at the other, as permanent 
currents are thereby often set up. 

Should neither a water or gas main be obtainable, a pump 
pipe leading to a well makes a good ^^ earth." Failing this, 
an artificial earth must be resorted to, which should be made 
thus : — Suspend about 5 feet of sheet-lead 6 inches wide in 
the centre of a hole about 4 feet deep, then ram in with 
ordinary gas'K^oke till within 6 inches of surface, when fill in 
with soiL The earth wire must then be soldered to the pro- 
jecting end of the lead. Care should be taken to obtain as 
moist a situation as possible for the hole. 

Where wires are exposed to view, particular attention should 
be paid to the running of the wires so as to give them a neat 
appearance, as nothing forms a greater eyesore than carelessly 
run or improperly stapled wires. 

We give below a list of the principal tools, &c., required in 
electric bell-work, both for indoor and outdoor circuits. 
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Fob indoob wobe: 

2 long " bell " gimlets. 

2 small gimlets. 

2 wood cblsels. 

2 cold chisels. 

1 pair of taper nose cntting 

pliers. 
1 pair ronnd nose pliers. 
1 long, brick drilL 
1 large hammer. 

1 small hammer. 

2 screwdrivers. 



2 bradawls. 

1 keyhole saw. 

1 file, 8-inch, half-ronnd. 

1 spirit lamp. 

I small soldering iron. 

1 ratchet brace, with angers. 

1 two-foot rule. 

1 detector. 

Emery doth. 

Ghatterton's compound. 

Sheet guttapercha. 



Fob outdoob wobe. The following additional tools will be 
required : — 



1 draw vice and key. 
1 large pair of pliers. 
1 12-inch half-round file. 
1 firepot. 
1 large soldering iron. 



Bag of charcoaL 

Portable battery, consisting of 
3 smallest size Leclanch^ 
cells, fitted into a wooden 
box. 



Too mnch importance cannot be attached to haying good 
well-soldered joints. The practice of twisting up the joints 
without a scrap of solder, thoagh it may expedite matters in 
laying the wires, is too frequently the cause of a gradual 
fSalling off in the ringing power of the bells, due to increased 
resistance being thrown into the circuit by the rapidly deteri- 
orating joints ; which falling off in the ringing is at once put 
down by the inexperienced fitter as due to the exhaustion of 
the battery. 

To make a good joint, the following method of procedure 
should be adopted : — Strip the ends of the wires to be joined 
of their insulation for a length of about 1^ inches, and scrape 
clean with a knife, or brighten with emery paper. Then 
(taking one wire in each hand), twist the wires together as 
shown in Figs. 5 and 6 (Fig. 6 is a branch wire), and tighten 
up with the pliers. Now get ready the articles required for 
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soldering, which should consist of the following: — A small 
copper bit, made out of a piece of j^inch copper rod 2 inches 
long, one end of which is fitted with a convenient handle, and 

Fig. 5. 




^ 



Fio. 6. 




fe^^== 



the other filed wedgenshape with an |-inch groove cat across 
one face, as in Fig. 7 ; a small spirit-lamp for heating the bit, 
a stick of solder, and lastly, a piece of composite candle or 
rosin. The best *' blow-pipe" solder should be used, the 
quality of which may be tested by holding it up to the ear and 

Fio. 7. 



bending it, when, if it is good, a peculiar cracking noise will 
be heard, which is known as the " cry of the tin." To solder 
the joint, heat the bit, previously tinned, in the spirit-lamp, and 
wipe with a piece of clean rag, and then, holding it with the 
grooved side upwards, fill the grooVe with solder. Now rub 
some composite candle or powdered rosin on the joint, and lay 
it in the groove, turning it over till the solder runs completely 
round, when quickly wipe with a piece of rag, and the result 
will be a strong, clean joint. 

This method will, in most cases, be found the best for small 
wires, as the practice of Hsing a big iron or blowpipe, unless 
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great care is taken, generally ends in either melting the insnla- 
tion so that it runs on to the iron, entirely preventing good 
work, or else (especially with the blowpipe), in setting the 
insulation on fire on both sides of the joint. In soldering, 
never use spirits, as with the small wires here referred to the 
corrosion that takes place will (especially in damp places) 
rapidly eat the wire asunder. Care must be taken in stripping 
the insulation from a wire that the wire itself is not nicked, for 
if this is done it will readily break at this point if bent at any 
future time. The insulation should always be removed by 
drawing the blade of the knife parallel with the wire, and not 
by cutting through the insulation at right angles, as this will 
most certainly nick it. 

All the joints, after having been soldered, must be thoroughly 
insulated. The importance of this is fiequently overlooked, 
causing serious trouble afterwards, that might have been spared 
by a little attention in insulating the joints. 

To insulate a joint, proceed thus : Place a piece of elastic 
glue on the joint, and smooth over with a warm iron, joining it 
well with the insulation on each side ; then bind the whole 
tightly round with indiarubber tape. Greater care must be 
taken when insulating a joint in wires laid nnder^ound, or in 
reposed places, three or four alternate layers of guttapercha and 
tape being put on, and the whole covered with Stockholm tar. 
Making a good insulated joint, however, in an underground 
wire, that will show high insulation and stand for any length of 
time^ is an art in which few attain perfection, without having 
had long and constant practice in such work. 
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CHAPTER n. 



PUSHES, PULLS, OONTAOTS, ADD SWITCHES. 

Pushes can now be obtained in almost every conceivable design 
and shape, and as the principle on which they act is the same 
in all, nearly everything in their selection will depend on 
personal tastes and the decoration of the rooms in which they 
are to be fitted. 

Fig. 8 shows a section and Fig. 9 a plan (with cover 
removed) of the ordinary push, the action of which is briefly as 



Fig. 8. 



Fig. 9. 





follows :— On the bottom (6) being pushed in, it causes the two 
platinum-tipped German-silver or aluminium springs (« and a') 
hitherto kept apart by their own tension, to come together and 
make electrical contact between the two parts of the interrupted 
circuit, and on the pressure being removed, the button and 
springs resume their former positions. The cover (c) can be 
easily removed by unscrewing, thus allowing ready access for 
joining up or inspection. 

Fig. 10 shows a variety of wood, china, bronze, and brass 
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Fig. 10. 






14 PRACTICAL ELECTRIC BELL FITTING. 

pushes. At front and back doors metal pushes (if a pull is 
objected to) should alveays be used, as they are better adapted 
to withstand the exposure to the atmosphere ; being generally 
designed for that purpose. A common defect of the hard wood 
pushes is the ease with which the screws that hold the ends of 
the wires are overturned, owing to the screws being too small 
to bear the turning necessary to get good contact. The buttons 
of some of the china pushes are also very liable to give trouble, 
by the rims, that prevent the buttons from coming out, chipping 
off, when the buttons will no longer remain in the push. 

A great improvement over the ordinary pushes is that kind 
that is known as the ** barrel form.'* A fornix of this push is 
shown in Fig. 11. These pushes, which are intended chiefly 

Fig. 11. 





for front and back entrances, can be very easily fixed, the wood- 
work being countersunk with an ordinary bit to take the barrel 
part, and the plate of the push screwed on to the face of the 
woodwork by ordinary roundhead wood screws. As the button 
is kept out by a spiral spring, the motion of the button, when 
pressed, is much more agreeable than in the ordinary push* 
where the button has a tendency to move on one side in addition 
to its proper motion. 

In fixing the pushes, which should not be done till the 
building is quite finished, the push (the cover having been 
previously removed) is screwed to the bevelled wood block 
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Fig. 12. 



before mentioned, the two wires being brought throngb the hole 
in the base and fastened to their respective screws, care being 
taken to scrape the ends quite clean, and fasten them firmly 
down to the springs by tightening up the screws. 
In places where the push has to be fastened to 
laths and plaster, the wall must be probed with 
a fine instrument to find the laths, and the push 
firmly screwed on by fine-pointed lath screws. 

In bedrooms, pressels, or pear-pushes (a form 
of which is shown in Fig. 12), are often pre- 
ferred. These are suspended from rosettes 
(fixed against the wall near the ceiling) by a two- 
strand silk-covered wire, in a manner that will 
be readily understood by reference to the figure. 
A modified form of these pressels. Fig. 13, but 
fitted with a weak spring so as to ring by the 
slightest touch, is much used for invalids, the 
pressel being laid on the bed and connection 
made to the rosette by flexible wires, as in the 
preceding figure. Fig. 14 shows another form of 
the invalid pressel to which the name of '' clothes- 
peg pressel " has been given, owing to its resem- 
blance to that article. The circuit is closed by squeezing the 
two prongs together. Fig. 15 shows a contact box, much used 
for bedrooms, dK) which ,the ordinary bell-ropes are attached. 




Fig. 13. 



Fig. 14 





The bell is rung by pulling the cord, which causes the arm (a) 
to make contact with the spring (&), the arm when releabed 
being moved back into its former position by the spring (»). 



16 



PRACTICAL ELECTRIC BELL FITTING. 



Fig. 16 is a combination pear push and contact-box, by means 
of which the bell can be rung, either by pressing the bntton or 
palling the cord. The two flexible wires from the pear-push 



Fig. 15. 



Fig. 16. 





(which pear-push is not shown 
in the figure) are connected to 
the contacts T and T', so that 
when the button is pushed 
the circuit is closed. Again, 

if the wire is pulled, it causes the rod (R), bringing with it the 
arm (M), to move down against the pressure of the spiral spring 
(W), the circuit being completed by the arm (M) connecting 

the springs (S and S'). On lines 
where a signal is required to be 
both sent and received, a form of 
key or double contact push, as 
shown in Fig. 17 (the connections 
for which will be given subse- 
quently), should be used. In its normal position the spring 
against the top contact; but, on the button being 



Fig. 17. 
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depressed, moves away from the top contact and is pnt in 
connection with the bottom one. 

Sometimes a Morse key, Fig. 18, is preferred to the double 
contact push. The action of the Morse key is similar to that 

Fig. 18. 




of the double contact push. The harizoital lever, which is 
pivoted at its centre, is, when at rest, kept in contact with the 
back stop ; but when the ebonite knob is pressed, the lever 
breaks with the back and makes contact with the front stop. 

One of the usual complaints against electric bells is that no 
means exist of knowing whether the bell has rung after the 
button has been pressed. To obviate this defect, the Mackenzie 
sounder indicators were introduced. This ingenious arrange- 
ment depends for its action on the well-known Page effect, 
and will be readily understood by reference to Fig. 19. A is 
a soft- iron core fixed to an iron base D, and surrounded 
by a bobbin of wire, which is included in the circuit. An iron 
box C is put over this electro-magnet, having the lid B close to 
the end of the core. Upon the current flowing round the 
bobbin, the core A and the lid E, being the respective poles 
of a continuous magnet, become magnetised with opposite 
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polarities and emit a sound which continues to be given out so 
long as the current is passing. As the action is solely mole- 
cular, there are no moving parts ; thus they are not likely to 



Fig. 19. 



Fig. 21. 




Fiar. 20. 





get out of order, and should come into general use. Fig. 20 
shows an ordinary push fitted with this arrangement, and 
Fig. 21 a pear-push similarly fitted. 

Fig. 22. 




As exposure to dampness is fatal to the ordinary pushes, 
some form of pull, as shown in Figs. 22 and 28, should be used 
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for front and back doors, or exposed situations. The two 
springs S and S' are insulated by vuloanised-fibre blocks from 
the frame, and, on the knob being pulled out, are electrically 
connected by the insulated metal disc D, which regains its 
former position on the knob being released. 

Fig. 23. 




In yery exposed situations, even the pull is subject to a rapid 
deterioration. It is then advisable, instead of employing a 
pull, to fit a contact box similar to Fig. 16 in a dry place inside 
the door. An ordinary crank bell-puU is then fixed outside the 
door, and connected by a small chain or cord to the contact 
box inside. When the bell-pull is drawn forward it pulls the 
cord, which draws down the rod M closing the circuit. 

For the back doors of clubs and hotels, all pulls require to 
be very massive ; as the chief delight of the tradesman's boy 
seems to be trying to see if he cannot wrench the apparatus 
bodily out of the wall, with the natural consequence that the 
spiral spring rapidly loses its set, and the disc, not being moved 
back clear of the springs, the bell rings continuously, to the 
great detriment of the battery. 

Besides the method of closing the circuit by pushes, pulls, 
&c., there are various other means by which the current is 

2 
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closed for the purpose of attracting attention. or giving an alarm. 
These are, first, '* burglar alarm contacts," under which head 
come all contacts that are fitted to doors, windows, tills, &c., in 
such a manner that any movement of the door or window from 
its normal position will give an alarm by ringing a bell fixed 
in any convenient place. Second, << fire-alarm contacts,*' by 
means of which an alarm is given, either when a prearranged 
temperature has been reached, or (by using a different form) 
when any deviation is made from a certain temperature. Be- 
sides these, there are miscellaneous alarm contacts, such as for 
giving warning when the water in a tank has reached a certain 
level. 

The police of an American city recently gave it as their 
opinion that the great decrease in the number of burglaries 
that had taken place in that city was due almost entirely to the 
extensive manner in which the householders had adopted burglar 
alarms ; and there is no doubt that a properly fitted-up system 
of burglar alarms is the most ^efficient means of protecting a 
house. The chief point to be looked to in a burglar alarm is 

certainty of action in the 

Fig. 24. contacts ; and, as the appa- 

friTji T- ratus must stand, perhaps, 

j — f, if- I for months and months to- 

"' u^.:^v..vv..- gether without being called 

^ into action, the form of con- 

tacts used must be of such . 
a design that they will 
stand for a long period 
without any deteriorating 
surfaces. For this reason 
a ruhhing action in the con- 
tacts is much to be pre- 
ferred to a dotting one, 
A form of window contact with a dotting action is shown in 
Fig. 24. The contact is let bodily into the window-frame till 
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the brass plate h is flush with the surface of the woodwork ; 
then, when the window-sash e is shut right do\^ it pushes in 
the rod r against the pressure of the spiral spring «, causing the 
platinum-pointed arm a to break contact with the brass plate d^ 
which is insulated from the framework by the vulcanised-flbre 
block g. If the window is now raised slightly the rod is 
released, and the circuit is closed by the arm a moving up to 
the plate d, in which position it is shown in the figure. T T 
are the two terminals, the one being fixed to the frame and the 
other to the insulated brass plate d. 

Fig. 25 shows a form of window contact with a rubbing 
action. To the bottom of the window-sash e is fixed the braskS 

Fig. 25. 




plate jp, carrying the ebonite wedge d. When the window is 
closed (as in the figure) the two German silver springs ^ ^ are 
kept apart by the ebonite wedge; but on the window being 
opened the wedge is withdrawn, and the two springs come 
together, thus closing the circuit. It will be seen from this 
that the rubbing action of the wedge on the springs each time 
the window is opened or closed insures their surfaces being 
kept both clean and bright. Both in this form of contact and 
in the preceding one another contact (fitted in a similar manner 
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to the top of the window frame) must be used for protecting 
the top sash. 

A very good arrangement for windows is shown in Fig. 26. 
A strip of sheet brass, d^ is let into each side of the window 

Fig. 26. 

If 




frame, and the two springs c c, connected across by the wire h, 
are fixed to the window sash a. When the window is shut down 
in the position shown in the figure, the two springs are off the 
brass plates d d ; but any slight movement of the sash upwards 
brings them at once into contact with the strips, thus closing 
the circuit. If the strips and springs are nicely let in, the 
arrangement is not risible at all, while the ordinary opening 
and shutting of the window insures bright contacts. 

For doors, the contact shown in Fig. 24 may be used, being 
let into the door frame flush with the woodwork on the hinge 
side of the door. Another form (which is let into the door 
frame on the handle side of the door) is shown in Fig. 27. 
The edge of the door (when it is shut) pressing against the 
ebonite ball h pushes it in, causing the platinum-pointed 
spring 8 (insulated from the brass frame d by the vulcanised- 
fibre block h) to move off the contact e. On the door being 
opened the ball is released, and the spring s moves up to the 
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Fig. 27. 



eontact c, as shown in the figure. For shop doors, where a 
momentary contact on opening the door only is desired, the 
form of door trigger shown in Fig. 28 is gene- 
rally used. The edge of the door, on its 
being opened in the direction of the arrow, 
engages with the trigger g^ pivoted at a, 
causing the upper end to make contact with 
the spring e, the trigger slipping by the edge 
of the door after it has moved a certain dis- 
tance. It will be seen from this that contact 
is not made on reclosing the door, as the 
trigger is moved in the opposite direction. 

For drawers and tills, the form of contacts 
shown in Figs. 24 or 27 will be found con- 
venient, or a modification of Fig. 26 may be 
used, the springs c being let into the side of 
the drawer as shown in Fig. 29. 

It is very often desired to be able to sum- 
mon the servant at meal-times without having 
to get up from the table and go across the 
room to the push. For this purpose a contact 
is usually let into the floor within reach of 
the carver's foot. Fig. 30 shows the form 
of contact generally used for this purpose, which is very liable 
to be injured by an accidental knock| therefore some such 

Fig. 28. 




V" ^ 




form as shown in Fig. 31 is to be preferred. On pressing the 
brass ball h with the foot, the spring g is depressed, making 



24 



PRACTICAL ELECTRIC BELL FITTING. 



contact with the plate d, and returning to its former position 
when the pressure is removed. 

It is sometimes desired to have the pnsh fixed on the table 
itself, in preference to having a contact in the floor as just 



Fig. 30. 



Fig. 29. 



V ' \^ N^^! 



7^:? 



\\\\\\\^ 



^^ 



^^^ 




described. As the table will be moved about it is obvious that 
no permanent connection can be made between the table and 
the floor, from whence the wires run to the bell. Therefore 

Fig. 31. 





4 g^ 



\\<^ 



the wires from the push must be run down one of the legs of 
the table, and some such method of connecting the table with 
the floor as is shown in Figs. 32 and 33 be adopted. In Fig. 32 
the wires down the leg terminate in two brass plugs, a a. Two 
brass plates, h 6, are also let into the floor at the place where 
the leg generally stands. When it is desired to connect up the 
push on the table, the plugs, a a, are inserted in 6 6, but when 
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the table is to be moved, or connection is not desired, the plugs 
are withdrawn, and can be placed in two holes drilled in the 

Fig. 32. 
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Fig. 33. 
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table-leg. In Fig. 33 a twin wire is used down the leg, 
terminating in the ebonite plate a, which has a strip of brass. 
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Pig. 34. 



c c\ fastened each side. A hole is drilled in the floor, and two 
brass springs, h h\ fastened inside. The wires are connected 
up by placing peg a in the hole in the floor, which causes the 
plates d e to make contact with the 
springs. 

A Tory good form of the flre 
alarm contact is shown in Fig. 84. 
It consists of an ordinary mercury 
thermometer into the bulb of which 
one end of the wire d has been 
fused, the other being connected to 
the terminal T. The other terminal, 
T', is connected to the platinum rod 
r, which pastes through an india- 
rubber stopper into the upper end 
of the tube. Any rise in the tem- 
perature beyond a pre-determined 
point causes the mercury rising in 
the tube to touch the end of the 
platinum rod r, thus closing the 
circuit and ringing the alarm bell. 
The rod r can, by moving the milled 
adjusting-screw m, be set for any 
desired temperature. Differential 
thermometers fitted in a similar 
manner are much used in hothouses 
to give warning to the attendant of 
any departure, either above or below, 
from the proper temperature. Fig. 
35 shows a form of this thermometer. 
For the minimum contact a plati- 
num wire a is fused into the bulb 
6, of the tube c, at the reauired temperature. Another 
platinum wire d passes through the indiarubber stopper e into 
the other end of the tube and forms the maximum contact ; it 
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being adjasted for any temperature by the milled screw m, A 
third wire n is fased in the glass tube at the bond, this wire 
being always in contact with the mercury. The bulb &, down 
to the top of the mercury, is filled with spirit. T T' are the 
the terminals, the connections being shown by the dotted lines. 

Any rise of temperature above 
65 will close the maximum, while 
any fall below 40 will close the 
minimum contact. 

A simple fire and frost alarm 
is shown in Fig. 36. A sfjip of 
brass, B, is riveted to a strip of 
steel, S, the tongue thus formed 

Fig. 36. 
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being fixed at one end, dy and at the other free to move between 
the two contact screws C and H. Any rise of temperature 
moves the free end of the tongue towards H, and any foil to- 
wards C. This, form, however, is not so reliable or sensitive 
as a good thermometer alarm. 

Lately quite a variety of fire-alarm contacts have been 
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devised, some acting by the expansion of air in a closed 
chamber, and others by the expansion of liquids. None of 
them, however, have been subjected to a long test, such as is 
necessary before much confidence can be placed in them. The 
great drawback to the majority of contacts is their uncertainty 
of action. They have, perhaps, been standing a long while, 
daring which time dust and moisture has collected on the 
contacts, and when a fire does break out they fail to perform 
their duty. A system of unreliable fire alarms is, like a 
badly designed burglar alarm, worse than if the building had 
not been fitted at all, as the owner, placing confidence in his 
alarms, is apt to relax certain precautions, which, were he 
without, he would not think of overlooking. 

Switches are required in electric bell work, either for 
breaking and making a circuit, or for transferring pushes 
and contacts from one circuit to another. The two forms of 
switches most used in ordinary bell work are shown in Figs. 37 
and 38^ the more complicated switches being but rarely used. 



Fig. 37. 



Fig. 38. 




Fig. 37 shows the most simple form of switch. When the arm 
a is moved into the position shown, it is resting against the 
ebonite block d, and the circuit is open ; but on moving the 
arm on to the brass block h the terminals T T are connected 
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through, and the circuit is closed. Fig. 38 shows the three- 
point switch. When the arm a is in the position shown, the 
terminal A is connected to B ; but, on moving the arm on to 
the opposite block, the terminal A is connected to C. Fig. 39 
shows another form of switch for electric bell work. 



Fig. 39. 




Fig'. 40. 




A form of the plug switch or interrupter is shown in Fig. 40. 
When the plug P is inserted in the hole D, the two brass 
plates a a are connected together and the circuit is closed ; but 
on withdrawing the plug and plac'ni; it in the hole H, the 
circuit is broken. This form of wich, however, owing to 
the plates widening after a time, is not so satisfactory as the 
forms previously described. 
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CHAPTEB IIL 

BELLS, BELAYS, AKD INDIOATOBS. 

It is of tbe highest importance in selecting a bell to see that a 
really substantial and trustworthy article is obtained. All the 
best bells are now mounted on an iron frame, independently of 
the wooden base, the coils and contacts being fitted with a 
removable coyer, which, like the base, is usually made in 
mahogany or teak. Uncovered bells should never be used, on 
account of dust getting into the contacts, and bells fitted with 
boxwood or vulcanized-fibre bobbins are much to be preferred 
to those with metal ones. All contacts should be made of 
platinum ; and if platinum is paid for, care should be taken 
to see that it is really obtained, as a white metal, such as 
German silver, is frequently palmed off on the unwary. 

The form of bell most frequently used is the trembling or 
vibrating bell (Fig. 41), which consists of an electro-magnet 
E firmly fixed to the iron frame F, and provided with a soft 
iron vibrating armature A, one end of which is fitted with a 
hammer H, and the other fixed to the iron frame by a spring 
S, the lower end of which carries a platinum contact 0. 
Fixed to the iron frame, but insulated therefrom, is a contact 
post F, fitted with an adjustable platinum-pointed screw D, 
and a tightening screw T, which, when screwed up, entirely 
prevents the adjustable screw D working loose, as it has a 
great tendency to do. 

The action of the bell is as follows : — The current, entering 
at the terminal L, flows round the coils of the electro-magnet 
£, and thence by screw J to the frame, by armature and 
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spring S to contact C, platinum-pointed screw D, contact post 
P, and thence to terminal Z. But in thus flowing round the 
coils of the electro-magnet, the current has magnetised the 

Fig. 41. 




cores, which now attract the armature A, causing it to move 
up to the poles a a, bringing with it the hammer H, which is 
impelled against the gong G, and at the same time the contact 
C moves away from the screw D, thus breaking the circuit. As 
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the cores of the electro-magnet E are made of Boft iron, all 
magnetism now practically ceases, and the armature A, in 
obedience to the spring S, moves back into its former position 
only to repeat the previons operation so long as the button of 
the push is kept in. 

To adjust a trembling bell it will be necessary to make sure 
that all the connections are tight ; then holding the hammer H 
against the gong G, slacken screw T, and screw up the adjust- 
able screw D till the platinum point is just clear of the contact 
C. Then let go the hammer and see if the spring draws the 
armature back so as to cause C to make good contact with D ; 
then tighten up screw T. See also that the armature, when 
attracted, does not touch the poles aa^ or there will be a 
tapping sound while the bell is ringing. If the screw D is 
screwed up too far the spring will not break contact with it, 
while if it is not screwed up far enough the sound will be 
feeble, since the hammer will not reach the gong with such 
force. Sometimes a bell rings badly from the spring either 
setting the armature back too strongly, or from being so weak 
that it does not bring it back with sufficient rapidity. To find 
out which is the true cause, take a piece of wire, or better still, 
a piece of watch-spring, and whilst the bell is ringing press the 
armature towards the poles; then if the ringing is improved 
the spring is too strong, and must be taken off and set a 
little inwards. If, on the contrary, the ringing improves 
when the armature is pressed away from the poles, the spring 
is too weak, and must be set a little outwards. 

In many cases communication is desired between two places 
by means of certain pre-arranged signals, such as a certified 
number of strokes of the bell. For this purpose the single- 
stroke bell, a form which is shown in Fig. 42, must be used. 
This is the electric bell in its simplest form, consisting of an 
electro-magnet E, an armature A, and a stop-screw D, to prevent 
it being moved too far back from the poles.' When the push is 
pressed, the electro-magnet draws up the armature, striking the 
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hammer against the gong, and retaining it there so long as the 
circuit is closed ; but on the circuit being broken, the armature 
moves back into its normal position, which is, resting against 
the stop-screw D. A stroke of the bell is thus obtained each 
time the button is pressed. 

Fig. 42. 




To adjust a single-stroke bell so that a clear sound is obtained, 
push the armature A up to the brass studs (shown black in the 
figure) which are driven in the ends of the poles a a, then bend 
the rod E so that the hammer H is just clear of the gong G 
Now let go the hammer, and adjust the screw D till the bes 
effect is obtained. If the hammer touches the gong before the 

D 



34 



PRACTICAL ELECTRIC BELL FITTING. 



armature reaohes the stops a harsh sound will be produced, 
owing to the hammer stopping the Tibration of the gong. 

It is very often desired to place two or more bells in series on 
one circuit. If the bells are single-stroke no difficulty presents 
itself, but on attempting to do this with the ordinary trembling 
beU, the ringing becomes at the best very indifferent and spas- 
modic, arising from the fact that as the bells are not exactly 
similar, they do not make and break the circuit in unison. One 
way of getting over this difficulty is to have one of the bells a 
trembling bell and the rest singlenstroke, the trembling bell 
goyeming the vibrations of the single-stroke ; but even when 
arranged thus, unless the bells are very much alike, the ringing 
is rarely satisfactory. Perhaps the best plan is to use the form 
of bell shown in Fig. 48, which, as will be seen from the figure, 



Fig. 48. 
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goyems its vibrations, not by breaking the circuit, but by shunt- 
ing its coils. On the current flowing round the electro-magnet E, 
the armature is attracted, and the spring S makes contact with 
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the screw B. There now exists a path from M to N of prac- 
tically uo resistance ; the current, therefore, is diverted from the 
magnet coils, and passes by the armature and screw B to the 
next bell, the armature falling back against the stop-screw D, 
and repeating the previous operation so long as the circuit is 
closed. Thus, no matter how many bells there may be in the 
series, the circuit is never broken. This form of boll, however, 

Fig. 44, 




does not ring so energetically as the ordinary form, with a 
corresponding amount of battery power. No difficulty will be 
experienced in arranging two or more bells (either trembling 
or single-stroke) in parallel on the same circuit, so long as care 
is taken to provide sufficient battery power. 

D 2 
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Very often, as in connection with a system of burglar alarms, 
&c., a bell, when once started, is required to ring continuously. 

Fig. 45. 




For this purpose what is known as a " continuous ringing'* bell 
must be employed. The most general form of this bell is shown 
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in Fig. 44, the constrnction of wliicli is similar to the trembling 
bell just described, but with this addition : The lower end of the 
armature A is fitted with a catch (2, which engages with a lever ^, 
to which is fixed a spiral spring A, the tension of which is re- 
gulated by the milled screws m m ; an extra contact post and 
screw n, fixed beneath the lever g, is also provided. The action 
of the bell is as follows : — The current flows at first from ter- 
minal C to L, as in the trembling bell ; but on the first stroke 
of the armature A, the lever g slips off the catch (2, and falls 
against the contact screw n in the position shown by the dotted 
lines. The current now flows from terminal C round electro- 
magnet E to frame, armature A, and upper contact post P ; 
thence to lever g and lower contact post n, and then to ter- 
minal Z, the bell continuing to ring until the cord W is pulled, 
which breaks the circuit by resetting the lever. 

Another form of continuous ringing bell, which is to be 
preferred from its being more certain in its action, is shown in 
Fig. 45. In this bell the lever is released, not by the bell 
armature, but by the armature of a relay fixed above the bell 
coils. On the push being 
pressed, the current entering 
a terminal C, passes through pi 
the relay coils E and out at 
L. The relay armature being 
attracted, releases lever g, 
which makes contact with n. 
The current now flows from 
terminal 0, through the bell 
coils, to the frame and arma- 
ture A, lower contact post P, 
thence to upper contact post n, 
lever gr, and out by terminal Z ; 

the bell continuing to ring until the lever is reset as before. 
Fig. 46 shows a form of press replacement to be preferred to 
the cord when the bell is within reach, in which the lever g is 
replaced by pressing the button B. 



Fig. 46. 
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A form of continnons riDging bell, which, among its other 
advantages, can be reset from a distance, has lately been intro- 
duced. This will be described subsequently, when the diagrams 
for connecting up the bells, &c., are given, as its action will then 
be more readily understood. 

Fig- 47. 




Fig. 47 shows a bell complete with cover on. 
Having described the different kinds of electric bell move- 
ments, we may now proceed to investigate some of the various 
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forms which these moyements take. When a bell is so designed 
that the moyement is all contained in the gong, it is known as 
a '* circular bell," and when the gong takes the shape of a church 
bell it is known as the ** church bell " pattern. 

Of the variety of bells having the movement contained within 
the gong, the Jensen church-shape bell, owing to its neat appear- 
ance, the simplicity of its movement, and the purity of its tone — 
which, it would seem, is only to be obtained by this shape gong 
— is without doubt entitled to the foremost place. 

Fig. 48. 




Its general construction can be seen from Fig. 48. Inside 
the gong is placed a single magnet of special construction, the 
armature of which, besides being magnetised by induction, is 
directly polarised by being in actual magnetic contact with the 
iron core of the magnet ; it is thus induced to perform a large 
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amount of work with comparatiyely small power. P P are the 
poles of the electro-magnet E, to an extension of the core of 
which is fixed the armatnre A, pivoted at O, and in its normal 
position resting against the contact spring S. The bell is sup- 
ported at L by the bracket B, which in practice becomes one 
terminal, the other being formed by the nnt and screw Z, which 
carries the movement; the whole being insulated from the 
gong G by the insulating material F. The beU in the figure 
is shown connected up as a trembling bell. If a single-stroke 
bell is desired, the wire, instead of being fastened to the spring S, 
is directly attached to the movement. On the button being 
pressed, the current flows by bracket B and loop L to the 
gong G ; thence by wire d to magnet coils E, wire n, spring S, 
armature A, pivot O, leaving by terminal Z. In many instances 

Fig. 49. 




(see Fig. 49) the wire^ instead of being taken directly to ter- 
minal Z, is fastened to a spring, one end of which is fixed to 
(but insulated from) the bracket B, and the other presses firmly 
on the top of the screw Z. Thus the bell can be readily taken 
off the bracket and replaced without disturbing any connections. 
The bell shown in Fig. 48 is the most simple form of the 
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Jensen bell, there being a pole-piece fitted to one of the poles 
of the electro-magnet only, the other being extended out through 
the core and gimbal to the armature, which thus exhibits 
opposite polarity to the pole at the bottom of the electro- 
magnet. The more expensive forms have two pole-pieces, one 
at each end of the bobbin, the armature being magnetically 
insulated from the electro-magnet by the extension of the core 
beyond the top pole-piece being made of brass. In the large- 
size bells the armature is wound in addition to the magnet, tiie 
coil on the armature being in a reverse direction to that on the 
magnet, the two coils being afterwards joined in series. In 
the more expensive vibrating bells, an arm, fixed to the boxwood 
base, and having at the lower end an adjusting screw, is em- 
ployed, thus giving greater facilities for adjustment ; though in 
the larger bells, where a vibrating action is desired, the inventor 
prefers to join up the bell as a single stroke, and insert a 
separate make and break in the circuit, which can be placed in 
any easily accessible and dry place. 

Fig. 50 shows a Jensen bell, such as is generally used for 
dinner gongs and alarm purposes, combined with an electric 

light ^tting for fixing in the hall. 
Fig. 51 shows a form of the 
Jensen bell designed for use on 
board ship. 

Messrs. Jensen have also 
given great attention to adapt- 
ing their large bells for factories 
and use at Board Schools, in 
place of the usual method of 
ringing the bells by a rope. 
Several very large bells have been fitted up for these purposes, 
and the ringing has been all that can be desired. A separate 
clockwork make and break is used in conj auction with these 
large bells, by moving the adjustment of which the rapidity of 
the strokes can be varied to a nicety. Fig. 52 shows a big beU 
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fixed on a bracket in oonjnnction with a clock, the clock causing 
the bell to strike the hours or ring continuously at intervals, 
such as is necessary in factories to give notice to the men for the 
cessation of work. 

Fig. 63 shows a circular electric bell, mounted on a wooden 
base, as manufactured by Messrs. Binswanger. Where a number 
of bells are used in preference to one bell and an indicator, 



Fig. 53. 



Fig.M. 





unless the servant happens to be 
close at hand when the summons is 
given, it is very difficult to tell which 
bell has rung. Fig. 54 shows a use- 
ful arrangement devised by Messrs. 
Binswanger, which can be attached 
to an ordinary electric bell, and com-> 
pletely does away with this objection. As will be seen 
from the figure, a light vane is fixed at one end of a rod, the 
other end of the rod being pivoted at a point just below the 
bottom bobbin. A projecting arm is fixed at the bottom of 
the armature, and, when the bell is rung, this arm engages with 
the rod, causing the vane to swing; the vane continuing to 
swing for some time after the beU has ceased to ring. This 
form of bell, however, requires more battery power than the 
ordinary form. 

In mines, large single-stroke bells are much used for the 
purpose of signalling between two places, the movement being 
enclosed in a substantial wooden case, and the gong fixed on 
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the top. A Morse key is generally used in conjunction with 
these bells, the keys very often being fixed on the same base as 
the bell. 

Where a loud noise is not desired, snch as when the head of 
a firm wishes to call a clerk from an adjoining office without 
disturbing the rest, a piece of apparatus called a ** buzzer " is 
frequently employed. This instrument, which is fixed close to 
the desk of the clerk to whom it is required to signal, consists 
of an electro-magnet, fitted with an armature and contact screw, 
being in fact an electric bell movement minus the hammer, 
"^en the circuit is closed the armature vibrating to and fro 
makes a buzzing sound, which, though perfectly audible, has 
not the penetrating effect of the electric bell. 

Fig. 55. 




An improvement on the buzzer Las lately been introduced 
by Messrs. Binswanger, to which the name of *' electric trumpet " 
has been given. Fig. 55 shows the electric trumpet consisting 
of an ordinary electro-magnet, opposite the poles of which is 
fixed a thin sheet iron disc. In front of the disc is a platinum- 
pointed contact screw, the point of which presses against a piece 
of sheet platinum fixed on the iron disc. One of the poles of 
tho battery is connected directly to the frame of the trumpet, 
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and the other, after pasaing through the push, to the insulated 
platinum pointed screw. When the disc is attracted the circuit 
is broken through the contact screw. It will be seen from this 
that when the push is pressed, the current flows round the coils 
of the electro-magnet, causing the armature or iron disc to 
▼ibrate very rapidly, giving out a loud musical sound. 

Besides the methods previously described of making bells 
continuous ringing, there are several others that may be adopted. 
The indicator drops may be so constructed that they keep the 
circuit closed after the vane has fallen, or, what is preferable, 
where the bell is of large size or there are many bells to be 
rung at the same time, some arrangement, quite apart from the 
bell and indicator, the sole object of which is to keep the circuit 
of the bells closed after the push has been pressed or contact 

Fig. 56. 
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moved. These are known as " continuous ringing attachments," 
a form of which is shown at Fig. 56. 

A very ingenious arrangement for closing, and keeping closed, 
the circuit of one or more bells for a certain time, has been 
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devised by Mr. H. Thorpe. The arrangement is shown in 
Fig. 57. When the ring at the bottom of the case is pnlled 
downwards, the plunger is drawn out of the tnbe, two springs 
on either side making contact with two rods fixed one on each 
side. This closes the circiiit, causing the bell or bells to ring. 
The ring being released, the plunger slowly sinks into the tube, 
the bells continuing to ring until the plunger has sunk to the 
bottom, when the springs break contact with the rods, and open 
the circuit. By altering the position of the pin in the rod seen 
in the centre of the case, the length of time that the bells ring 
can be varied from 5 to 30 seconds. 

Belays will be necessary on long circuits, where, from the 
resistance of the line, the current has not strength enough to 
ring the bell, but quite sufiBcient to attract the delicately poised 
armature of a relay. Many forms of indicators are also greatly 
improved by the addition of a relay, and when greater certainty 
of action is desired in an indicator a relay should always be 
fixed, to insure its effective working. The duty of a relay is to 
close a local circuit when actuated by a current circulating 
through its coils. 

A form of the single-current relay is shown in Fig. 68. 

Fig. 58. 




When a current circulates in the coils of the electro-magnet 
E E, the armature A is attracted, and the platinum contact is 
pressed against the screw D. This closes the local circuit 
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the current flowing from wire M to frame F, armatare A, con* 
tact C, screw E, to post P (insulated from the frame by the 
ebonite washers ee\ leaving by wire N. The arm carrying 
the stop-screw T is also insulated from the post P by ebonite 
washers. In adjusting a relay, first screw up the screw D, so 
that when the contact C is pressing firmly against the point 
there is just room to pass a piece of paper between the poles 
and armature. Then adjust the stop-screw T, so that the con- 
tact C only fairly leaves the screw D. The tension of the 
spring S should only be such as will just bring the armature 
back against the stop-screw T. 

rig. 59 shows a form of relay as used for telegraphic 
purposes. 

Fig. 59. 




Where there are many rooms, and all are desired to ring on 
the same bell, an indicator must be used, so that the ringing 
from one room can be distinguished from that of another. In 
many instances, however, where there are only three or four 
rooms, it is preferable to employ a different toned bell for each 
room ; thus the servant can attend immediately to the summons 
without having to go first to look at an indicator. The indicator 
in its pure and simple form was introduced into this country 
from the Continent, where the use to which electric bells are 
put is very extensive, it being quite the exception to find the 
old style of bell. At the hands of the manufacturers in this 
country it has received great improvement, and the variety of 
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forms has become almost Dumberless. They may, however, be 
divided into two distinct classes, viz. those that drop a shutter 
or move a disc, and require to be reset each time' the bell is 
rung, and those that require no resetting, depending for their 
action on a pendulum which, when once started, swings for a 
considerable time. This latter form are called automatic or 
self-replacing indicators. 

The first class is capable of being again divided into two 
classes : (1st) those in which the replacement or throwing back 
of the vane is effected by mechanical means ; and (2nd) those 
in which, by pressing a button, a cnrrent of electricity from the 
battery is made to effect the replacement. The former are 
known as mechanical, and the latter as electrical "throwbacks." . 
Of the two, for general purposes, the latter class is much to be 
preferred, as an extensive use of the former has proved that 
servants cannot be implicitly relied on to replace the shutter. 
Thus when the bell rings there are perhaps some half-dozen 
shutters down, and great annoyance 
is caused by the servant not directly 
answering the summons. For this 
reason, and because from their sim- 
plicity they are more certain in their 
action, the pendulum indicators are 
rapidly coming into favour. 

Fig. 60 shows a form of the elec- 
trical throwback indicator, consist- 
ing of an upright arm A, pivoted at 
P, one end of which carriies the disc 
D, and to the other is fixed the 
permanent magnet M, with its north 
and south poles N S projecting down- 
wards. An electro-magnet E, wound with two coils, is fixed to 
the framework in such a manner that the pole T comes between 
the poles of the permanent magnet N. On a current flowing 
round the electro-magnet, the core becomes magnetised, the 
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pole T exhibiting, let ns Bay, &orth polarity. Then, si&ce like 
magnetic poles repel, and unlike attract, the pole T repels 
the pole N, and attracts the pole S of the permanent magnet, 
throwing it over into the position shown by the dotted lines. 
The disc is moved back into its normal position either by pres- 
sing a push, so connected that it sends a current in the reverse 
direction round the electro-magnet, or by the rod B being moved 
by mechanical means, so as to cause the stud J to push over the 
arm A. The little arm H which is fastened to A, can be moved 
into any position, so as to allow of the balance being restored 
should the indicator get out of adjustment. 

A form of the mechanical throwback indicator is shown in 
Figs. 61 and 62, which consists of an electro-magnet E, provided 
with an armature A, pivoted at T, and to which is fixed a light 



Fig. 61. 
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Fig. 62. 




cardboard vane V. When a current flows round the electro- 
magnet, the armature is attracted by the poles P P, and the vane 
is moved up into the position shown in Fig. 61, and by the 
dotted lines in Fig. 62. The indicator is reset by pulling a cord, 
which causes a light metal rod to throw back the vane into its 
former position. 

Fig. 63 shows a form of the pendulum indicator, consisting of 
an electro-magnet E, provided with an armature A, one end of 
which is fastened to a spring S, supported by the post P, and 
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the other carries a vane of corrugated silver glass, which, besides 
being visible in dark situations where a coloured vane would be 
useless, has the advantage that the slightest movement can be 
readily detected even from a distance. On a current flowing round 
the electro-magnet, the armature is attracted and held against the 



Fig. 63. 



Fig. 64. 





poles so loug as the circuit is closed ; but on the circuit being 
broken, the armature is released, and swings backwards and 
forwards for about two minutes, finally returning to its normal 
position, as shown in the figure. Another form of the pendulum 
indicator is shown in Fig. 64, which works on the same principle 
as the preceding one. This form of indicator is not contained 
in a case like those previously described, but is generally flxed 
to an ordinary board placed in some conspicuous place. A relay 
should always be used in conjunction with the pendulum indi- 
cators, as the continual make and break of the circuit by the 
bell greatly interferes with their satisfactory working. 

Fig. 65 shows a case, with cover removed, of six pendulum 
indicators of the form described in Fig. 63, the connection to 
the terminals being shown by the dotted lines. As will be seen 
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from the figure, a relay B, which closes the bell circuit when its 
armature is attracted, is fixed in the right-hand side of the case. 
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A compact form of the mechanical throwback indicator de- 
signed by Messrs. Jensen is shown in Fig. 66. It will be seen 
that, as in their bell, a single coil magnet of special construction 
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Fig. 67. 
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Fig. 68. 



is usedy in which the armature, when attracted, releases the 
horizontal arm, the arm swinging round till the detent on the 
armature engages with the second notch on the vane, as shown 

by the dotted lines. Fig. 67 shows 
a Jensen indicator with a bell on a 
bracket at the top, the case con- 
taining eight movements of the 
pendulum type and a relay. The 
front part of the indicator face is 
broken fiway, showing the four top 
movements. 

Fig. 68 shows an indicator 
movement manufactured by Messrs. 
Binswanger. In this movement two 
iron cores are provided, one of 
which only is wound. Above the magnet is pivoted a hori- 
zontal arm, one ecd of which carries the armature, and on the 

Fig. 69. 





other end are cut the two teeth that retain the vane in pos'tion. 
When the armature is attracted these teeth release the vane, 
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which being pivoted, as shown in the figure, falls over, indi- 
cating the number of the room from which the signal has been 
sent. 

A form of mechanical throwback indicator movement, devised 
by Mr. Thorpe, is shown in Fig. 69. This movement, which is 
known as Thorpe's " semaphore indicator," consists of an electro- 
magnet, in front of which is fixed an armature of thin sheet 
iron. In front of the armature is a thin brass disc, pivoted by 
means of the screw seen at the right of the figure, this screw 
also holding the armature in position. The number of the room 
is painted on the face of the armature. When a current circu- 
lates in the coils of the electro-magnet, the armature is attracted, 
releasing the front disc, which falls down into the position shown 
in the figure, thus disclosing the number. 
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CHAPTER IV. 

BATTSAIE8. 

Thbbb are four different forms of batteries that may be em- 
ployed for electrio-bell work — Ist the Leclanch^, 2nd the 
Faller bichromate, 8rd the Gassner, and 4th the Daniell ; this 
last form being only used for "closed circuit" work. The 
Gassner dry battery, however, has only lately been introduced, 
and therefore cannot as yet be said to have been subjected to 
any lengthy trial. 

A severe and prolonged test extending over many years has 
proved that for general electric-bell work the Leclanch^ battery 
has no equal, though in large hotels, &c., where the work is 
likely to be very heavy, it may, perhaps, be preferable to 
employ a form of the Fuller bichromate battery. It is very 
important that the battery employed should be a thoroughly 
reliable one, and set up in a proper manner, as a failure of the 
battery causes a breakdown in the communication throughout 
the entire building, whilst the failure of a push or wire only 
affects that portion of the building in which the push or wire is 
fixed. A common fault is that of putting in (with a view to 
economy) only just enough cells as (when first set up) will do 
the necessary work. This is false economy, as when the cells 
are but slightly exhausted the battery-power becomes in- 
sufficient ; whereas, if another cell or two had been added the 
battery would have run a much longer time without renewal, 
owing to the fact that each cell could have been reduced to a 
lower state of exhaustion, yet still the battery would have 
famished the necessary power; and the author has always 
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found that the extra expense of the surplus cells is fully repaid 

by the increased length of time the battery runs without 

renewal. 

Fig. 70. 




The Leclanch6 cell, Fig. 70, consists, in its most usual form, 
of a glass jar, J, in which is contained the amalgamated zinc 
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rod Z, forming the positive element. The negative element 
(which is also shown in section in Fig, 71) consists of a carbon 

Fig. 71. 

.a 




plate C, placed inside the porous pot P, and surrounded with a 
tightly-packed mixture of carbon and peroxide of manganese, 
the top of the porous pot being run in with melted pitch. In 
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Fig. 72. 




Bome forms of cells the corrugated carbon plate of the form 

shown in Fig. 72 is used. The Leclanche is a single-fluid cell, 

the porous pot serving not to keep two fluids 

separate, but merely to contain the broken carbon 

and manganese, and keep it in intimate contact 

with the carbon plate. The exciting fluid is a 

solution of salammoniac. 

This solution has no chemical effect either on 
the zinc (provided it is pure) or the peroxide of 
manganese, so long as the circuit is broken and 
the cell not at work. But on the circuit being 
closed a current flows from the positive pole C, 
to the negative pole Z, and the action in the 
cell is as follows : The solution of chloride of 
ammonia (salammoniac) is decomposed; the 
chlorine, attacking the zinc, forms chloride of 
zinc, which is soluble in the surrounding liquid ; 
while the ammonia, developing at the surface of 
the carbon, forms a soluble compound with the 
oxygen which it extracts from the manganese. 
While the cell is at work, then, the zinc is con- 
sumed, and chloride of zinc accumulates in the 
solution, the carbon remaining unaltered, and the peroxide of 
manganese loses some of its oxygen. After a time, however, the 
supply of oxygen gets reduced, and hydrogen accumulates on 
the surface of the carbon plate, producing polarisation. But 
if the circuit is now broken, and the cell left to rest for a time, 
it will depolarise ; the peroxide of manganese absorbing oxygen 
from the air. 

The terminal T is fixed to the carbon plate (in a manner 
that will be readily understood by referring to Fig. 71) by 
means of the lead cap L. Simple as this battery seems, it is 
one of the most difficult to manufacture, and great care is 
necessary in fixing the lead cap, as if improperly done, the salts 
creeping up will rapidly eat away the connection* 
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Before the lead cap is fastened on to the carhon plate, the top 
end of the plate is soaked for an hour or so in melted paraffin 

Fig. 78. 





wax at a temperature of 110° C. to prevent the creeping of the 
salts. Two ^ inch holes are then drilled through the carbon 
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plate and the cap cast on, the lead which runs into these holes 
serving as rivets. 

Another form of the LeclanchS cell, known as the <^ agglomerate 
block " form, is shown in Fig. 73. In this form of cell a porous 
pot is not used, the depolarising mixture being applied to both 
sides of the carbon plate in the form of a block. The materials 
used in the construction of these blocks, which are similar to 
those contained in the porous pot, with the addition of from 
5 to 10 per cent, of some cementing compound such as resin, 
are during manufacture submitted to a pressure of many tons. 

In fitting up a cell of this form an agglomerate plate M is 
placed each side of the carbon plate C, and the two indiarubber 
bands B B slipped over them. These bands have at H a solid 
part, through which a hole has been stamped to receive the zinc 
rod. The zinc is thus kept from touching the negative element, 
and both elements can (by lifting at the positive terminal T) 
be taken bodily out of the glass jar. 

When these colls were first brought out great things were 
expected of them, and the following were the chief advantages 
claimed for them over the porous pot form : — 

That a much better use was made of the depolarising power 
of the manganese, as its reduction was more complete ; that, in 
consequence of the readier reduction of the manganese, the 
carbon plate was more rapidly depolarised, and consequently 
the E.M.F. was more sustained. 

That its resistance was extremely constant whatever the 
electro-chemical work done by the cell, and would, if anything, 
tend to diminish owing to the formation of chloride of zinc, 
which is an excellent conductor. 

That the battery was ready for use immediately on charging, 
as the liquid was brought at once into contact with the negative 
and positive elements. 

That the renewal was exceedingly simple: when a cell is 
exhausted the depolarising plates have only to be removed and 
fresh ones substituted. 
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A short trial of them, however, for practical work proved 
that they were no improvement over the preceding form. Their 
chief virtue is, of course, their low internal resistance (owing 
to the non-use of the porous pot), though this is a doubtful 
advantage, except, perhaps, for hells arranged parallel An 
injurious local action is also set up by impurities detached from 
the blocks settling on the rubber bands, and the consumption of 
zinc seems to go on just as much when the cell is at rest as 
when it is at work. This cell also p )larises quicker than the 
porous pot form, while it is exceedingly dirty to handle, and in 
the author's opinion nothing beats the old porous-pot form as 
shown in Fig. 70. 

A creeping of the salts up the inside and over the outside of 
the glass jar, is a fault to which the Leclauche cell is very 
liable. This can, however, be entirely prevented by rubbing 
the neck of the jar with a little grease, or by dipping it for an 
inch or so in melted paraffin wax. 

A good way to paraffin the top of the glass cells, is to melt 
the wax in some vessel, the mouth of which is wide enough to 
admit of a cell being inserted. A piece of glass tube, bent to 
the form of the letter U, is placed inside the vessel that contains 
the wax, both ends of the tube being above the suiface of the 
wax. The glass cells having been previously warmed, are then 
dipped (mouth downwards) into the melted wax, one end of the 
glass tube passing inside the cell and the other remaining out- 
side exposed to the air. This allows the wax inside the cell to 
rise at once to the level of that outside, instead of (if there was 
no tube) being prevented from entering by the pressure of the 
air. 

With a view also to prevent this creeping, the cells are some- 
times sealed, i. e. the top is filled in with pitch, a hole being 
left for charging. The use of sealed cells, however, is not 
economical, as when exhausted they cannot well be recharged. 

The position of the battery is a matter of some importance, 
as in warm or moist situations the creeping of the salts is 
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greatly hastened. It sliottld be placed on a shelf or in a cup- 
board near the bell. If this is not possible, the coolest place 
should be selected, keeping in mind, however, that it should be 
near its work. 

The Leclanche cell is made in three sizes — ^Nos. 1, 2, 3 — 
No. 1 being generally the smallest. Some manufacturers, how- 
ever, number their cells in exactly the opposite manner, their 
No. 1 being the largest. It is a pity that some standard method 
of numbering is not adopted, as it often leads to great confusion 
when ordering; though there is perhaps some consolation in 
the fact that No. 2 is always the same, and this is the size most 
generally used. 

Ab to the strength of the solution, authorities disagree, though 
the author prefers to use a saturated solution, giving a glance 
now and then to the zincs, to see that no crystals are forming 
on them. 

In setting up a battery, fill up the outer jar three-quarters 
full with water, taking care not to splash the terminals ; then 
put in as much salammoniac as will saturate the solution and 
leave a few crystals at the bottom. 

The following are the quantities of salammoniac required to 
charge each cell. For a No. 1 (small size), 4 oz. ; for a No. 2 
(medium size), 6 oz. ; and for a No. 3 (large size), 10 oz. 

The battery (unless an agglomerate block) will not start at 
once. If the battery is required immediately, a little solution 
should be made in a jug, and poured into the porous pot through 
the opening F, having first cleared out (with a piece of wire) 
the air-hole A, or a small hole may be knocked in the bottom 
of the porous pot so that the liquid rises at once to the same 
level as that in the jar. 

These batteries, when once set up, require little attention, 
and will run without recharging for a period varying between 
six months and two and a half years, according to the size of 
the battery and the amount of work it does. The battery should, 
however, be inspected at frequent intervals, especially in hotels. 
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<&c., where the sadden numing down of a battery is a source of 
great annoyance. 

When inspecting a Leclanche battery the following points 
should be looked to : — See that the salts are not creeping over 
the glass jar ; if so, the faulty jar must be taken out, washed, 
well dried, and the neck rubbed with grease. See that the zincs 
are not eaten away, and scrape off any crystals that may have 
formed on them. Should the zincs be very black, while a stroug 
smell of ammonia comes off from the porous pot, it indicates 
excessive working, probably a short circuit on some of the wires, 
which must be seen to. See that the solution has not evaporated ; 
if so, fill up with water. If the solution is opaque or milky, 
add more crystals till it becomes clear again, or substitute a new 
solution. See that none of the solution has got on the terminals, 
or it will rapidly eat them away. See that no white lead is 
forming between the lead cap and carbon plate (see L, Fig. 70) 
as owing to the bad conducting power of the white lead, increased 
resistance is thrown into the circuit. 

When recharging a LeclanchS battery it will 
be necessary first to see if the zincs are still 
good and not eaten all away. If the zincs are 
in fair condition, renew the solution, and should 
this e/ffect no improvement, new porous pots or 
agglomerate plates must be substituted for the 
old ones. Owing to the slight cost of the new 
porous pots, it is never advisable to attempt 
to recharge the old ones, which, at the best, is a 
difficult and tedious operation. 

OA modification of the Leclanche battery, 
which is known as " Judson's Patent," is shown 
in Fig. 74. Its chief novelty lies in the nega- 
tive element, which, instead of being applied in 
the form of a plate, consists of a carbon cylinder, 
the inner surface of the cylinder being corrugated, as shown in 
the section. The outside of this cylinder is covered and made 
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perfectly watertight with an insulating mixture, such as Chat- 
terton's compound. Inside the cylinder are cemented two thin 
carbon plates, the spaces between the plates and the inner sur- 
iajOQ of the cylinder being filled with a depolarising mixture of 
granulated carbon and manganese. The carbon cylinder, besides 
forming the negative element, also takes the place of the outer 
glass jar of the ordinary form, serving to contain the solution. 
For the positive element, a zinc rod, on the top of which is fixed 
a brass terminal, is suspended in the centre of the cylinder, and 
kept from touching the sides by rubber bands. The cell is sealed 
at the top, with the exception of a spiall air-hole, and the zinc rod 
is capable of being withdrawn for convenience in filling. The 
centre terminal is the zinc, and the other one (seen to the left 
of the figure) the carbon, to which it is afi&xed by a cast-lead 
band. The internal resistance of this cell is very low, owing 
to the large surface presented by the corrugations on the carbon 
cylinder ; it is also very compact, and great power is capable 
of being got out of a small cell. 

To do away with the necessity of paraffining the edges of 
the glass jars as a prevention against the creeping of the salts, 
Messrs. Gent, of Leicester, have devised a form of jar in which 
a recess runs round the edge, this recess being filled, after the 
battery has been set up, with oil, melted paraffin wax, or any 
material to which the salts will not adhere. This form of jar, 
which Messrs. Gent call their " patent insulated jar," entirely 
prevents all creeping of the salts, and will give a high insulation 
of the battery, even in the most trying situations. A complete 
cell fitted with one of these jars is shown in Fig. 75. 

The Fuller bichromate battery, as regards its use, may be 
looked upon as a sort of compromise between the Leclanche and 
the Daniell. The Leclanch^ should always be employed for 
intermittent work ; the Daniell for closed circuit work, where a 
constant current for long periods is required ; and the Fuller 
bichromate in places where the work is too heavy for the 
Leclanch^ (there not being sufficient intervals of rest to allow 

F 
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it to recover itself), and yet the current is not required con- 
tinuously so as to warrant the employment of a Daniell. 

In the ''Fuller" cell (Fig. 76), for the negative element a 
carbon plate is employed, this plate standing in an outer glass 



Pig. 75. 



Fig. 70. 





or stoneware jar. Inside the jar is a porous pot containing a 
zinc rod, which forms the positive element. Water only is 
used in the porous pot, while in the outer jar is placed the 
following solution : — 

Bichromate of potash .. •• •• 6 oz. 

Water (hot) 2 pints. 

Sulphuric acid 6 oz. 

The bichromate of potash should first be mixed with the water, 
and, when the solution is cool, the sulphuric acid added drop by 
drop, the mixture being constantly stirred with a glass rod. 
A solution may also be made with chromic acid, by which the 



PRACTICAL ELECTRIC BELL FITTING. 67 

strength of the battery is much increased and its constancy im« 
proYed. The following makes a good chromic acid solution : — 

Chromic acid crystals •• .. 1 lb. 
Water (cold) .. .. .. ,. 1^ pints. 

Sulphuric acid •• 7 oz. 

As will be seen from the figure, the zinc rod is cast cone- 
shape at the bottom, as the base is most acted upon. Sometimes 
the coned part only is used, being cast on to a copper rod, but 
zincs of the shape shown are to be preferred, as the fluid acts on 
the copper rod unless weU insulated. The zinc must be well 
amalgamated, and a couple of ounces of mercury placed in tho 
bottom of the porous pot to keep up the amalgamation. To 
prevent too rapid a diffusion of the liquids, thickish porous pots 
should be used, the pots being parafiined all over except a band 
of about 2 inches at the bottom. Such a battery, if properly set 
up, will run for a period of from three to six months' duration 
(according to the amount of work it does), without attention, 
when the solution, and probably the zincs, will require to be 
renewed. 

Neither of the two forms of batteries just described are any 
good for furnishing a current for long periods at a stretch, and 
when a battery is required to work continuously on closed 
circuit, a Daniell cell (preferably the gravity form) should be 
employed. For the '' gravity " cell a glass jar, 12 inches high 
and 10 inches in diameter, should be employed, fitted with a 
porcelain or wood cover saturated with parafiin wax. An in- 
verted funnel, made from 4-lb. sheet lead, stands in the centre 
of the jar, the bottom part of the funnel being perforated with 
niunerdus holes. A cast zinc ring, with two projecting lugs on 
the top, is slung from the lid of the jar, the lugs passing through 
two holes in the lid, and pins being slipped through to secure 
them. One of these lugs has a terminal fitted on the top, 
another terminal being also fastened to the lead funnel. 

F 2 
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To charge the cell ; water, to which has been added three or 
four drops of sulphuric acid, is poured into the glass jar. A 
saturated solution of sulphate of copper is next slowly intro- 
duced into the top of the lead funnel ; this solution, by virtue 
of gravitation, remaining at the bottom of the jar, and displacing 
the water upwards. Crystals of copper sulphate are then dropped 
into the lead funnel through the opening at the top, till the 
perforated part of the funnel is full. 

Another method of charging the battery is as follows : — Drop 
copper sulphate down the neck of the funnel till it is full, and 
then pour in cold water till the level of the liquid is above the 
top of the zinc ring. The two terminals should then be joined 
with a piece of thick wire, so as to short-circuit the battery, the 
battery being kept short-circuited for about twelve hours. On 
inspection it will be found that copper has been deposited on 
the lead funnel from the sulphate, thus converting it into the 
copper or negative element of the battery. Care must be taken 
not to shake the battery when once set 
up. 

These cells will run on a closed 
circuit for periods of from three to 
five weeks without attention, and then 
all that they require is to have the 
funnel filled with copper sulphate, 
and some of the top liquid drawn off 
with a syringe and replaced with water* 
The zinc must also be scraped to clear 
off the copper that has been deposited 
thereon. The liquids have less ten- 
dency to diffuse if kept continually 
on closed circuit than when the cells 
are allowed intervals of rest. 
Fig. 77 shows a form of the gravity cell. 
All batteries should be contained in a box, and Fig. 78 shows 
a convenient form for this purpose. The front and lid are so 
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hinged that, when released, they Ml over outwards into the 
position shown in the figure, thus allowing ready access for 

inspection. 

Fig. 78. 




The Gassner cell is, like the Leclanche, suitable only for 
intermittent work, and should it prove itself perfectly trust- 
worthy, must eventually become a formidable rival of the 
Leclanch^. Being a dry battery it can, unlike the previously 
described forms, be placed in any position, and will work as 
well lying on its side as when standing up. The Gassner dry 
cell consists of a carbon plate or cylinder, forming the negative 
element, contained in an outer zinc case, the space between the 
carbon plate and zinc case being filled with a mixture of oxide 
of zinc and gypsum in the form of a stifiOish yellow jelly that is 
apparently but little affected by the ordinary variations of tem- 
perature. The zinc case forms the positive element, a short 
length of copper wire being soldered on to it for a connection. 
The battery is made in both a round and fiat form. As regards 
its comparison with the Leclanche, Mr. W. Lant Carpenter, in 
the conclusion of a paper read before the British Association 
meeting at Bath in September, 1888, on the comparison of 
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Oassner'B dry cells with the LeolanchS, says : " Considermg the 
whole of these results, it appears that the round form of Gass- 
ner's dry cell polarises less than a No. 2 Leclanch^, and is also 
of considerably lower internal resistance (the average value being 
about 0*25 ohm); further, that although the dry cell takes 
somewhat longer to completely recover its E.M.F. when the 
circuit is opened, the rate of recovery is more rapid than that of 
the LeclanchS for the first five or ten minutes. The flat form of 
dry cell appears to behave, in most cases, not quite so well as 
a No. 2 Leclanch^, the internal resistance being about the same 
—0-6 ohm." 

The battery, when exhansted, is recharged by sending a 
current of two or three amperes through it for a few hours. 

There is room for improvement in the terminals of the cells, 
the soldered wire connection being very inclined to break off, 
while the brass clamp connection for the carbon in the flat 
form seems a very rough-and-ready and old-fashioned arrange- 
ment. 

In the flat form, also, the salts have a tendency to creep up 
the carbon plate and attack the brass clamp, destroying the 
connection. The eating away of the clamp, however, can be 
somewhat prevented by platinum-pointing the clamping screw, 
and soldering a piece of sheet platinum inside the clamp. 

As the outside zinc case forms one of the elements, care must 
be taken that the cells do not touch one another when connected 
up, or the cells will be short-circuited. To prevent this, it is 
as well to divide the battery-box into separate compartments, 
one for each cell. 

It is also advisable, when the battery is intended to be placed 
in a damp situation, to wrap up each cell separately in two or 
three layers of paraffined brown paper. In warm places, where 
the Leclanch^ is often an intolerable nuisance, the dry cell works 
to perfection. The flat form is well adapted for use in portable 
electric bell sets. Fig. 79 shows the flat, and Fig. 80 the round 
form of the Gassner dry celL 
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We will now turn our attention to a few of the different ways 
in which cells are connected np. Each outer jar, with its two 

Fig. 79. 




Pig. 80. 




elements and the liquids in which they are immersed, is known 
as a cell, and any nmnber or combination of cells is called a 
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hdUery. Mnoh battery power is often wasted by want of know^ 
ing bow tbe cells may be arranged to their best advantage, 
which depends entirely on the resistance of the circuits and the 
constniction and arrangement of the apparatus that they are 
required to work. 

When the two elements of a cell are brought into contact 
with their exciting liquid or liquids, an electrical disturbance 
is set up and the positive element is raised to a higher potential 
than the negative. There is thus a difference of potential 
between the two elements which tends to produce a flow, of 
electricity from the element of higher potential to that of the 
lower. This tendency to produce a flow is called electro-motive 
force, or for brevity sake E.M.F. If we connect the two 
terminals of the cell with a piece of copper wire, a current of 
electricity will flow through the wire from the negative to the 
positive element, and, inside the cell, through the liquid from 
the positive element to the negative. The terminal from which 
the electricity appears to start as it flows through the wire is 
called the positive, and that towards which it flows the negative 
terminal. It will be seen from this, that the positive terminal 
is on the negative element, and the negative terminal is fixed to 
the positive element, and the fitter should not confuse the two, 
bearing in mind also that the current always flows (outside the 
cell) from the positive to the negative terminal. When the 
terminals of a battery are connected across by a piece of wire, 
the circuit is said to be dosed ; but when the wire is severed, 
the circuit is open. There are two things that impede the flow 
of electricity when the circuit is closed. These are ; firsty the 
resistance of the wires (as the best of conductors offer some 
resistance)^ and second, the internal resistance of the battery 
itself. V 

An analogy to the flow of electricity may to some extent be 
found in the flow of water in pipes. Thus, suppose a large 
cistern full of wa^er is placed on the top of a building and con- 
nected by means 6i a pipe to an empty cistern at the bottom, a 
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tap being inserted in the pipe for the purpose of controlling the 
flow of water ; then the difference of level of the two cisterns 
will produce a pressure, which, when the tap is turned on, 
causes a flow of water. When the tap is turned o£^ the differ- 
ence of level still produces a pressure down as far as the tap, 
but as there is no passage for the water, no flow can take place. 
So with the battery, so long as the circuit is closed a flow of 
electricity takes place, but when the circuit is opened the flow 
ceases, though there is still the tendency to produce a flow con- 
sequent upon the difference of potential between the two 
elements. 

The E.M.F. of a cell, which varies in the different kinds, is 
determined by the nature of the elements and exciting liquids, 
and is quite independent of the size of the cell. Thus the 
E.M.F. of a Leclanch6 which is 1 * 60 volts, is just the same for 
a cell of one pint capacity as for one with a capacity of ten 
gallons. But) although increasing the size of a cell does not 
increase its E.M.F., any increase in the size of a cell is accom- 
panied by a corresponding decrease in its resistance. For in a 
cell, which from the surface of its elements has an internal 
resistance of one ohm, doubling the surface of the plates will 
reduce its resistance to ^ ohm, and m*aking them four times the 
size to \ ohm. 

Ohm's law, so called from Professor G. S. Ohm, by whom it 
was first enunciated, determines the strength of the current in 
a circuit, it is — ihat the strength of the cwrrent varies directly as 
the dectro-motive force^ and inversely as the resistance of the 
drcuiU From this we see that if we want to increase the 
current strength in our circuit we can do so in two ways, either 
by increasing the E.M.F. of our battery, or (provided the 
lottery is of low resistance) by reducing the resistance of the 
circuit. The standard of electro-motive force is the volt, and 
one volt is roughly the E.M.F. of a DanielFs celL The standard 
of current strength is the ampere, and that of resistance the 
ohm. From Ohm's law we get a formula relating to current, 
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electro-motive foroe, and resistaiioe, which is usually written as 
follows : — 

Electro-motiye force 



Current = 



Besistance 



for which the initials of the words are generally sabstituted, for 
brevity sake, as shown below : 

which means, that if we divide the resistance of the circuit in 
ohms, into the IIM.F. in volts at which the current is supplied, 
the product will give the current strength in amperes. Like- 
wise, if we know the value of any two out of the three quantities, 
by an application of the formula, the third can at once be 

"E 
found; for it is obvious that the equation = - may be 

E 
written B = ^orE = OxB. 

Thus, from Ohm's law, we see that to produce one ampdre of 
current in a circuit having one ohm resistance requires an 
E.M J", of one volt. If we increase the E.M.F. to two volts 
without altering the resistance of the circuit, we get two 
amp^s, and if we still further increase the E.M.F. to four 
volts, we get four amperes of current Similarly, if keeping 
the E.M JB^. at one volt, as in the first instance, we reduce the 
resistance of the circuit to half ohm, we get a current of two 
amperes ; and if we still further reduce the resistance to quarter 
ohm, we get four amperes. Going back to our analogy of the 
cistern and waterpipe, we will suppose the tap in the pipe to 
have been removed, and the water to be flowing as fast as the 
pipe will let it into the bottom cistern. Let us presume that 
the pipe is of such diameter that the water is passing a given 
point in the pipe at the rate of one pint per second; it is 
evident then, that if we wish to increase the flow of water to 
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two pints per second, we can do so in two ways, either by 
increasing the pressure so as to force the water through at 
double the rate, or leaving the pressure the same, we can doable 
the area of the pipe, which will produce the same result. 

The following table shows the E.M.F« and internal resist- 
ance of the different cells just described : — 



NameofOelL 


E.M.F. in 
Volts. 


Besistance 
in Ohms. 


Leolanch^ (Porous pot) No. 1 

" '♦ • % 

y» »» m o 

„ (Agglomerate),, 1 

» w » 2 

»> » » 3 

Fuller, 1 quart .. •• 

Gravity, 2 quarts 

Gassner, round .« •• .. , 

n flat 


1-60 
1-60 
1-60 
1-55 
1-55 
1-55 
1-80 
1-07 
1-47 
1-47 


113 
1-10 

•9 

•70 

•60 
•50 
•50 
9-0 
•25 
•60 



If we wish to know what current we shall get in any circuit, 
we proceed thus. We first find the resistance of our circuit, 
which we will presume is found to be 4 ohms, including the 
resistance of the batteries themselves. From our table of 
E.M.F. and resistances of the different cells we can find the 
E.M.F. of our batteries, which in this case we will say is 
6 volts. Now by the formula 

we get, substituting the numerical values for the symbols, 

C = J ; therefore C = 1 J amperes. 

Again, if we know that our current flowing is 1^ amperes 
and the E.M.F. of our batteries 6 volts ; what is the resistance 
of our circuit? 
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Now 



B = 



(3 






• * • B = 4 ohms, 



which, allowing 2 ohms as the resistance of the cells, gives 
2 ohms as the resistance of the external circuit. 

Similarly, if we know the current and resistance, we can find 
the E.M.F. 

Thus— 

B = OxB E = lix4 .•.E = 6 volts. 

Now it is not the intention of the author to advise the fitter 
(after the wiring has been done and the bells and other 
appliances fixed) to sit down (as the electrical engineer might 
do when working out the size of the circuits) and go through a 
long mathematical calculation as to the best number and size 
of cells to employ, since this is wholly unnecessary ; but rather 
that he should, by a glance at the length of his wires and an 
inspection of the winding of his bell coils, obtain a rough idea 
of the resistance of his circuits and the current he requires. 
If he knows the resistance the different size wires offer per yard, 
&c., he can easily (after reckoning up the amount of wire used) 
get a pretty accurate knowledge as to the resistance of his 
circuits. For this reason we subjoin the following approximate 
table, which shows the number of feet to the ohm, yards per lb., 
&c., of the different size copper wires. 



size of Wire, 
B.W.G. 


DecimalBof 
an Inch. 


Tarda per lb. 


Ohms per lb. 


Number of 
Feet to 1 Ohm. 


No. 14 


•083 


15 


•07 


665 


„ 16 


•065 


26 


•19 


405 


I 18 


•049 


45 


•59 


230 


n 20 


•035 


89 


2-27 


150 


I 22 


•028 


140 


5-55 


75 


I 24 


•022 


227 


14-55 


45 


: 26 


•018 


339 


32-48 


30 
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If bis circuits are long, and the coils of bis bells and indi- 
cator movements wound with fine wire, be will know that be 
will require a small current witb a fairly bigb E.M.F. When, 
as in tbis case, tbe object is to get a bigb E.M.F. witb a small 
current, tbe cells must be joined in series as in Fig. 81, wbicb 
sbows tbree Leclancb^ cells in series. In joining cells in 



\&^ 



Fig. 81. 



^ 



:^0. 






series, tbe carbon terminal of tbe first cell is left free, and tbe 
zinc of tbe first joined to tbe carbon of tbe second, and tbe zinc 
of tbe second to tbe carbon of tbe tbird ; tbe zinc of tbe tbird 
being left free. In tbe case mentioned above, tbree cells would 
Lardly be sufficient , six No. 2 being more like tbe number 
tbat would be required. As we add cell after cell to tbe series, 
so we increase tbe total E.M.F. of tbe battery by tbat of the cell 
that is added. Thus, in Fig. 81, where we have tbree cells in 
series, tbe E.M.F. of the battery, instead of being that of a 
f ingle cell, which is 1 • 60 volts, is 1 • 60 + 1 • 60 + 1 • 60 = 4 • 8 
volts. It must be borne in mind, however, that in adding cells 
to tbe series we also increase the internal resistance of tbe 
battery as well as tbe E.M.F. Thus, in Fig. 81, the resistance 
of tbe battery is tbree times tbat of a single cell, being 
2*70 ohms instead of ' 9. 



78 



PRACTICAL ELECTRIC BELL FITTING. 



The current required to ring a bell depends on the size of 
the bell and the winding of its coils. A small bell takes 
perhaps only ^ ampere, while the larger bells will take from 
2 to 8 amperes. If the bells to be mng are wound with thick 
wire, or there are many bells in parallel, the resistance of the 
circuits will be low, and the battery must be of low resistance 
also. This can be done by joining up the cells in parcdld as 
in Fig. 82, which shows three cells so joined up. The resist- 
ance of the battery is much reduced by joining the cells in 

Fitr. 82. 



\^ \^ \c^ 



parallel, the battery in Fig. 82 having only one-third the 
resistance of a single cell. Coupling up the cells in parallel 
amounts to increasing the size of the elements of a cell, and 
the E.M.F. of a battery so connected is only equal to the 
E.M.F. of a single cell. It is better, however, where possible, to 
use very large cells in series, in preference to coupling up a 
lot of small cells in parallel. It should be borne in mind that 
nothing is gained by stinting the battery power, and that 
another cell added to the battery will give more satisfaction 
than spending half an hour or so trying to get a delicate 
adjustment of the belL 
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OHAPTEB V. 

THX UAONBTO BELL. 

Vebt often, in signalling between two places that are far apart, 
it is preferable, owing to the high resistance of the circoit, to 
employ a magneto beU and generator instead of a battery. For 
when the battery consists of many ceUs the expense becomes 
an important item, and there is, in addition, the bother of 
keeping so many cells in order. The magneto generator is 
generally constmcted to famish its current at a high E.M.F., 
snch as is required on a high resistance circuit, and in tele- 
phony, magnetos are used that will easily ring a bell through a 
resistance of 6000 to 10,0t)0 ohms. In large buildings, too, it is 
frequently desired to fit up an extra bell from one part to 
another without haying to run wires to the battery, which may 
happen to be a long way off, and it is here again that a magneto 
may be employed to advantage. Hitherto the magneto bell has 
been but little used in electric bell work, its chief field being 
in telephony. This was due, of course, to the low resistance of 
the circuits in bell work as compared to those used in conjuno- 
tion with telephones ; but also in a great measure to the want of 
a convenient form of generator for fitting in houses; the 
ordinary form taking up too much room, besides being very 
unsightly. Several forms, however, suitable for house use, &c., 
have lately been introduced, and we shall presently describe 
some of them. 

The apparatus required for signalling by the method men- 
tioned above consists of two parts — ^the generator and the belL 
The principle on which the generator acts is the same as that 
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on which is based the action of all dynamos, and, in fact, the 
generator finds in the dynamo almost its exact counterparts. 
The action of the generator will be readily understood by 
reference to Fig, 83, which shows its two principal parts, the 
armature (a), and the permanent 
magnet (&). The armature consists of 
an iron shuttle on which is coiled 
fine silk-covered copper wire. Now 
Faraday discovered, thai hy moving a 
wire or othei- conductor near the pole of 
a magnetj in such a manner as to cut 
lines of foree^ a current of electricity is 
generated in that wire. Thus, when the 
armature a is made to rotate rapidly 
between the poles of the magnet (6), 
a current of electricity circulates in its 
coils, the direction of the current being 
reversed at each half revolution of the 
armature. We see, therefore, that the 
current from the generator flows first in one direction and then 
in the other ; the rapidity of the alternations depending on the 
speed at which the armature is rotated. 

This alternating current is not adapted for working the 
ordinary form of electric bells, as these are designed to work 
with a current that flows always in one direction, such as is 
given out by a battery ; so a different form of bell is used. 
The action of the magneto bell, which is somewhat more 
complicated than the ordinary form, will be better understood 
by a glance at Figs. 84 and 85. Fig. 86 is a side view of 
Fig. 84. It will be seen that the bell consists of an electro- 
magnet a, opposite the two poles of which is pivoted at c the 
soft iron armature 6. From the centre of this armature springs 
the hammer d, which works between the two gongs e and f 
By the side of the electro-magnet a is placed a permanent 
magnet ^, the pole n of which comes near the armature 6, and 
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the pole N near to the bottom yoke of the iron cores of the 
electro-magnet. The effect of this is, that the south pole s of 
the permanent magnet magnetises by induction the soft iron 
armature &, causing it to exhibit north polarity on the side 

Pig. 85. 





nearest to the pennanent magnet but a strong south on the 
other. The north pole of the permanent magnet similarly 
magnetises the iron cores of the electro-magnet, the poles of 
which thus exhibit north polarity. When therefore no current 
is flowing round the electro-magnet, both ends of the armature 
are attracted alike, and the hammer will remain against either 
gong if once placed there. If now a current from the generator 
flows round the electro-magnet a in the direction shown by the 
arrows, the left-hand pole becomes north, and the right-hand 
south; the north pole powerfully attracting one end of the 
armature, and the south pole repelling the other, throwing the 
armature over into the opposite position shown, which causes the 
hammer d to strike the gong e. When, at the half revolution 
of the generator armature, the direction of the current is 
reversed, the right-hand pole becomes north and the left hand 
south, throwing the armature over into the position shown, 
which causes the hammer d to strike the gong /. As the arma- 
ture of the generator is rotated very quickly, the reversals of 
the current are very rapid and the ringing becomes similar to 
that of the ordinary electric bell. In the earHer forms of this 
bell, the armature, instead of being made of soft iron, consisted 

Q 
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of a permanent magnet; the construction of the bell being 
similar to that of a polarised relay. Thos, when the current 
firom the generator was sent round tiie electro-magnet, its arma- 
ture was alternately attracted and repelled, throwing the 
hammer first against one gong and then against the other. 
This form of bell had many defects, the chief of which were its 
sluggish action, and the inability of the hammer to strike the 
gong with sufficient force to give out a loud sound. The sub- 
stitution, however, for the polarised steel armature of a soft iron 
one, inductively magnetised by a permanent magnet placed in 
dose proximity to it, effected a great improvement in the bell, 
at once quickening its action and increasing its range. 

Having thus observed the action of these bells, we can now 
proceed to inspect some of the different forms that they take. 
Fig. 86 shows a generator of the form used in telephony. The 



Fig. se. 




gearing employed between the driving handle and the armature 
has gone through many forms. Starting originally with the 
ordinary cog gearing, this was renounced in favour of friction 
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gear, the necessary adhesion between the two wheels, being 
obtained by placing a rubber band round each wheel. This 
was superseded by a special form of belting, which in turn gave 




way to another form of friction gear -^ the edge of the big wheel 
working in a V groove on the smaller. This form, however, 

o 2 
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was not in favour long, and a retom has now been made to ihe 
original cog gearing with a special form of teeth. 

The armature of the generator haying a high resistance, it 
became a necessity (to avoid having always to ring through 
this resistance) to have some means of cutting out the armature 
when the generator was not in use. This was formerly done 
with a key, but an improved method has been subsequently 
introduced by means of which the armature, when at rest, is 
bridged across by a low resistance circuit, but any movement of 
the handle in either direction at once breaks this circuit, throw- 
ing the current of the generator to '* line." Fig. 87 shows this 
arrangement in detaiL The spindle a, running in the bearings 
h and h\ carries at one end the handle g. The driving wheel 
e is loose upon this spindle, but is prevented from slipping 
round by the pin /. This pin fits into a Y-shaped notch in the 
collar A, which is part of the wheel e. A collar c is secured to 

Fig. 88. 




the spindle a, and inside this is the spiral spring d^ which, 
thrusting against the bearing h\ keeps the en 1 of the spindle in 
contact with the spring m. So long as the end of the spindle 
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presses against the spring m the armature is short circuited, 
bat when the handle g is moved, the pin / rides np in the 
V-shaped notch in the collar %, drawing the spindle away from 
the contact spring i» against the pressure of the spiral spring d^ 

Fig. 89. 




Fig. 90. 




thus breaking the circuit. The generator is fixed in a walnut- 
wood box, as shown in Fig. 88, the handle g projecting through 
a hole in the side of the case. Fig. 89 shows the form of bell 
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generally nsed in conjunction with this generator ; a a are the two 
electro-magnets, opposite the poles of which is the armature 

&• The hammer e is joined to the 
armature at the pivot d ; e is the 
permanent magnet fastened to the 
brass piece /, which also carries 
the armature ; the distance of the 
armature from the poles of the 
electro-magnet being adjusted by 
the nuts g. The bell is enclosed 
in a case, as shown in Fig. 90, or 
when it is desired to signal in 
both directions, placed in the 
same box as the generator, as 
shown in Fig. 91. 

A form of the magneto call- 
bell, deyised by M. Abdank, is 
shown in Figs. 92 and 93. 

Fig. 92 shows the generator, 
which consists of a horseshoe 
magnet a fixed to the base board 
&• From the top of the magnet 
is suspended by means of the 
spring c, the armature d, con- 
sisting of a number of coils of 
fine wire wound round an iron 
core. To the bottom of the arma- 
ture is fixed the handle e. When 
the armature is drawn (by means 
of this handle) on one side — ^into 
the position shown in the figure 
— and then released, it swings 
forward and vibrates rapidly 
between the poles of the magnet a, finally returning to its 
normal position, which is between the two poles. This generates 
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a rapidly alternating current on the bobbin, which flows to the 
two terminals at the top of the base. In the bell (Fig. 93) 
another bobbin of wire is used wound on a piece of thin sheet-* 
iron a cut to the shape of the letter H. This sheet-iron is sup- 
ported at the bottom by the piece of spring &, and at the top 

Fig. 92, 




carries the hammer c, the head of which works between the two 
gongs d and e. Two permanent magnets / and g are fixed one 
on each side of the bobbin a. When the current from the 
generator enters at the two terminals, seen at the bottom of 
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the bell, it passes round the bobbin, magnetising the iron core a 
and cansing it to vibrate in unison with the vibrations of the 
armature of the generator. As will be seen, the apparatus is 

Fig. 93. 




very simple, and can, moreover, be fixed in any position, being 
well adapted for call-bells in private houses, &c. 

Figs. 94 and 95 show a form of magneto call-bell devised by 
Messrs. Cox- Walker, and Swinton. In the generator the 
movement of the armature is limited by stops to a quarter of a 
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Fig, 94. 




Fig. 95. 
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reTolation, so that by catcbing bold of a projecting stad fixed 
on to the armature spindle, a current is generated in one 
direction by swinging it to one side, and in tbe otber wben 
swung to tbe opposite side. Fig. 95 sbows one form of tbe bell, 
tbe movement of wbicb is all contained in tbe gong. Tbe 
movement is similar ta tbat sbown on Fig. 89, only tbe bammer, 

Fig. 96. 




instead of striking on two gongs, strikes on two lugs ^eA on 
to tbe inside of tbe gong ; tbus securing a very neat and com- 
pact form of bell. Anotber form of tbe bell is sbown in Fig. 96. 
For signalling between two places to a prearranged code of 
strokes, it is well adapted, as a swing of tbe stud to one side 
gives one stroke, and a swing to tbe otber side anotber. 

Magnetos require but little attention to keep tbem in order. 
A few drops of oil now and tben in tbe bearings of tbe generator, 
and tbe armature of tbe bell may require a sligbt adjustment 
from time to time. Unlike tbe ordinary electric bell, bowever, 
tbere are np contacts in tbe magneto, tbus no trouble can arise 
from dirt, &o*^ getting between tbem and destroying tbe 
connection* 
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CHAPTER VL 

OONNBOTING-UP. 

Thb following diagrams show the various ways of connecting- 
up hells, indicators, &c., and though the methods most usually 
required are shown, nearly every huilding may require some 
little modification of the arrangements here descrihed. 

Simple heU circuit. — Fig. 97 shows a simple circuit, con- 
sisting of push, battery, and belL The cover of the push P has 
been removed, showing the connections to the contact-springs, 
one of which, for the purpose of distinction, is shown darker 
than the other. The bell £ (shown in detail in Figs. 41 and 
47) has its cdver on ; thus none of the movement is visible. Z 
and are the respective poles of the battery D. On the two 
springs of the push being pressed together the current flows 
from the positive pole of the battery to the terminal L, 
through the bell to the terminal E, and thence by the wire and 
push-springs to the negative pole Z. Both in this and the 
following figures the Z or return wire is shown thicker, in order 
to make the diagrams clearer. 

Simple hdl circuit toith " earth.^' — Fig. 98 is a simple bell 
circuit with earth connections, the circuit being completed 
between the two plates E E by the earth. The wire irom the 
zinc of the battery, and one of the wires from the push, are 
fastened to the water-pipe in the manner described on page 8. 

Two or more pushes to ring same hell. — Fig. 99 shows the 
method of connecting two or more pushes so as to ring the same 
bell. The pushes are here shown with their covers on, the 
buttons being represented by the black dots. Pressing the 
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batton of either of the pushes a, 5, c, d completes the eironit 
causing the bell B to ring. 

Two hells to ring nmuUaneotuly from one push. — Fig. 100 shows 
an arrangement by means of which two bells can be rung 
simultaneously from one push, the bells being some distance 
apart, as in separate rooms. On the button of the push P being 
pressed in, the current flows from the positive pole of the 
battery through the push, and along the wire a to d, where it 
divides, half (if the bells are of equal resistance) passing 
through the bell B, and half through the bell B'. When bells 
are arranged parallel like this, care should be taken to insure 
the resistance of the coils of each bell being as near alike as 
possible, or else to put the bell with the lowest resistance the 
farthest from the batteiy, so that the resistance of the line com- 
pensates for its lower resistance. If there are many bells, care 
must also be taken to provide sufficient battery power, the 
largest sized cells being used. The practice of splitting up a 
batteiy of smaller cells into two halves, and connecting the 
halves parallel, is not advocated unless absolutely necessary, it 
being tax preferable to employ larger sized cells. 

Two heUs in separate rooms, either of which can he rung singly 
hy means of a suntcL-^JPig. 101 shows a similar arrangement to 
that in the previous figure, only each bell is rung singly, the 
bells being, as before, in separate rooms. A three-point switch, 
W, of the form shown in Fig. 88, is used, being fixed near the 
push P« If the button of the push is pressed while the arm 
D of the switch W is in the position shown, the terminal a is 
connected to c, and the bell B will ring; but if the arm of the 
switch is moved over to the opposite side, the terminal a is 
connected to 5, and if the push is now pressed the bell B' will 
ring instead. 

Bells in series. — Fig. 102 shows how bells are connected in 
series, so that by pressing the push P the bells B\ B\ and B^, 
can be rung simultaneously. The bells, to ring satisfactorily, 
must be either single-stroke or of the form shown in Fig. 43. 
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The cells of the battery for this purpose (the size of which 
cells will vary according to the size and construction of the 
bells used) must be of sufficient number, connected in series, 
80 as to obtain the E.M.F. necessary to force the required 
current through the high resistance necessitated by placing the 
bells in series. 

Simple heU circuit toith relay. — Fig. 103 shows an arrange- 
ment suitable for long distances, a relay being used to close the 
local bell circuit. The zinc of the battery and one of the 
wires from the relay are put to eartlu When the button of the 
push P is pressed in, the current flows from the positive pole 
of the battery D, through the push to the wire a, and from 
there through the relay coils to earth. The armature of the 
relay is thus attracted, closing the local beU circuit ; the current 
flowing from the pole C of the local battery D through the bell 
to the insulated post P of the relay (see Fig. 68, page 47), 
and thence by the armature A and wire to the negative pole Z ; 
the armature of the relay remaining down so long as the 
button of the push is kept in. 

Binging a number of helU by means of relays in series. — Fig. 
104 shows how a number of bells may be rung simultaneously 
by employing relays to close the local circuit. When the 
button of the push P is pressed, the current flows from the 
pole c of the battery D to push P, and through the wire a to 
relay E^ Through the relay coils of relay R^ to wire 6, and 
relay coils of relay R^, and thence by wire c to earth ; the 
other pole of the battery D being also put to earth. This 
attracts the armature of both relays, closing the circuits of 
both bells B^ and B^. So long as the circuit through the push 
P is kept closed, the an^atures of the relays are held down, 
and the bells ring ; any break and make of the circuit being 
exactly reproduced by the relays. 

Two sets of pushes working three hells by means of relays. — 
Fig. 105 shows an arrangement in which there are two sets of 
pushes and three bells. Any push out of one set, will ring 
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one bell, and any ptush ont of ihe other set another bell, the 
third bell being common to both sets of pushes, Thns pushes 

Fig. 104. 




AAA ring bells Aand 0, by means of the relay B A, while 
pushes B B B ring bells B and C by means of the relay 
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BB. When the pushesBBB are pressed n current flowsfrom 
battery No. 2 through the coils of relay B B, which thus 
attracts its armature, throwing the current from battery No. 1 







on to Dells B and 0. The same action takes place when the 
pushes A A A are pressed, only with relay & A and bells A 
and 0. Where one push only is required the arrangement 
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shown in the following figure should be adopted, which does 
not necessitate relays. 

Three heUs and two pushes^ each push ringing two of the hella^ 




one hell being common to both pushes, which hell can he cut out 
with a switch, — ^Fig. 106 shows an arrangement in which push ijf Q 
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will ring bells C and B, while push P rings bells A and B, 
but when the arm of the switch S is moved over to the opposite 
side to that shown in the figure, the bell B is cut out, push P 
ringing bell A by itself, and push O bell C by itself. Double con- 
tact pushes or Morse keys must be used for closing the circuits 

Continuoua ringing hell. — Fig. 107 shows the method of con- 
necting up the continuous ringing bells shown in Figs. 44 and 
46. On closing the circuit by pressing the push P, the current 
flows from the pole C of the battery D to the terminal of the 
bell, through the bell coils to L, and thence by the wire and 
push to the zinc of the battery. The lever G being released 
on the first stroke of the bell, the local circuit through the 
bell is closed, the current flowing from of the battery to 
terminal C of the bell, through the bell to terminal Z, and 
thence by the wire to zinc of the battery, the bell continuing 
to ring until stopped by pulling the cord W. 

Continuous ringing hell with earth and local haUery. — Fig. 108 
shows the connections for a continuous ringing bell when the 
circuit is very long, the ringing of the bell being continued 
after the original circuit is broken, by a local battery. The 
current in the main circuit flows (when the push is pressed) 
from the pole C of the battery D, by the push and wire to 
terminal L of the bell, and then through the coils to terminal 
Z and earth, the other pole, the battery, being also put to earth. 
The local circuit, after the bell is once started, runs from of 
the local battery D to the terminal C, through the bell to 
terminal Z, and then by the return wire to the zinc of the 
battery, the bell continuing to ring until stopped in the manner 
previously described. 

Bell made continuoua ringing hy an attachment to indicator move^ 
ment. — Fig. 109 shows how an ordinary bell can be made to 
ring continuously by using an indicator constructed for such a 
purpose. Fig. 110 shows the indicator in detail : P P are the 
poles of the electro-magnet E, provided with an armature A, 
which when at rest is kept oil' the poles by the spring S. To 

H 
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the frame F is fixed the pillar M, the upper end of which carries 
the arm N, in its normal position supported by the catch T. 
A contact post, E, fitted with a platinum pointed screw, Y, is 
also fixed to the frame F but insulated therefrom by the washers 
e e. When a current flows through the coils of the electro* 
magnet, the armature is attracted, and the lever N slips off the 
catch T, causing the contact spring B to make contact with the 
screw y, thus connecting the insulated post, E, to the frame. 
The arm N (the face of which is painted white so as to show 
through the perforation in the dial of the indicator) is reset by 
pulling a cord at the side, which throws np the arm, causing it 
to again engage with the catch. 

"When the push P Fig. 109, is pressed, the current flows from 
C of the battery to the frame F of the indicator ; thence, by 
screw J and wire, through the coils of the electro-magnet 
(attracting the armature and releasing the arm) and then by 
wire and push to the zinc of the battery. The current now 
flows from C of the battery to the frame of the indicator, pillar 
M, arm N, contact post E, thence by wire to the terminal L of 
the bell, through the bell to terminal Z and then by the wire to 
the zinc of the battery, the bell continuing to ring until the 
indicator is reset. 

Callow^ 8 continuous ringing < ttachment for electric hells. — In 
Callow's continuous ringing attachment for electric bells, which 
was referred to on page 38 an ordinary relay is used in place 
of the drop relay shown in Fig. 45, page 36. This is con- 
nected to the bell, in the u&ual way, but with this addition — 
the coil of the relay is so connected as to form a shunt circuit 
across the terminals of the bell. It will be seen from this, 
that on the armature of the relay being attracted and a current 
flowing through the bell, part of the current is shunted through 
the relay, thus keeping the circuit closed. In adapting this 
attachment to bells already working with a relay, the relay is 
wound with two wires, the primary or first layer being con* 
nected direct to line, and the secondary or second layer in the 
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shunt circuit. This arrangement is shown in Fig. 111. When 
the button of the push P is pressed, the current in the main 
circuit flows from the positive pole of the battery D, through 
the coil a, and thence by the wire d and push P to the zinc of 
the battery. This attracts the armature A of the relay R, 
closing the local bell circuit, the current flowing from C of the 
battery to armature A of the relay B, contact post p^ terminal 
L of the bell, through the bell to terminal Z, and thence by 
wire g to the zinc of the battery. Part of the current also 
flows along the wire from the bell terminal L, through the 
y-elay coil h and switch W, to terminal Z of the bell, thus 
keeping the armature of the relay down after the main circuit 
lias been broken, the bell continuing to ring until the shunt 
circuit is broken by moving the arm a of the switch W over to 
the opposite side. The bell can also be stopped by short cir- 
cuiting the relay, which can be efibcted by an ordinary push. 

It will be seen that more than one bell can be rung from the ' 
same attachment, and the bell can, by moving the arm of the 
switch W, be made continuous ringing or not, at will. If the 
arm a of the switch is moved over to the opposite side to which 
it is shown in the figure, the shunt circuit of the bell through 
the relay is broken and the bell will ring only so long as the 
button of the push is kept in. This continuous ringing attach- 
ment is very convenient for front doors, etc., where trouble is 
often experienced in securing immediate attention to the sum- 
mons. Instead of being taken to the switch as in Fig. Ill, 
the two wires are taken to a contact (see Fig. 117) fixed on the 
side of the door frame, and so arranged that, when the door is 
opened, it either short-circuits or breaks the shunt circuit ; thus, 
when the push is pressed, the bell rings until the door is opened, 
the continued ringing of the bell insuring prompt attention. 

Bell ringing eitJier as a vibrating or single-stroke one. — Fig. 
112 shows an arrangement in which, by means of a switch 
fixed near the push, the bell can be made vibrating or single- 
stroke at will. The bell B (shown with its cover removed) is 

H 2 
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an ordinary vibrating bell, but with an additional terminal^ S. 
fixed between the original terminals and connected to the frame 
F (see Fig. 41) by the screw J. If the posh is pressed while 
the arm a of the switch W is in the position shown, the bell 
will ring as a vibrating bell ; the current flowing from the 
pole C of the battery to terminal L of the bell, through the 
bell coils E E to contact post P and terminal Z, thence by 
wire d to terminal h of the switch, and from there by arm a, 
wire ^, and push P to the zinc of the battery. If the arm of 
the switch is moved over to the opposite side, and the push 
pressed, the bell will ring as a singlenstroke bell ; the current 
now flowing from of the battery to terminal L, through the 
bell coils to screw J and terminal 8, thence by wire /to the 
terminal c of the switch, and from there by arm a and push P 
to the zinc of the battery. The bridge n in the wire a indi- 
cates that the wire d passes over the wire g, and is not con- 
nected to it in any way. 

Signalling in both directions with three wires and one battery, — 
Fig. 113 shows how the bells and pushes must be arranged for 
signalling in both directions with three wires and one battery. 
Pressing the push P rings bell B, while pressing push P' rings 
bell B'. The circuit (when the push P is pressed) is from the 
pole C of the battery, wire a, push P, wire 6, bell B, and zinc 
of the battery. The circuit through the other push is from the 
pole C of the battery, wire a, bell B', wire c, push P', and zinc 
of the battery. 

Signalling in both directions with one wire and two batteries. — 
Fig. Il4 shows an arrangement for signalling in both directions 
with one wire and two batteries, double contact pushes of the 
form shown in Fig. 17, being used. Pressing push P causes, 
bell B to ring, and the bell B' is rung by pressing the push P'. 
The wire marked " line " is the wire which (taken overhead or 
underground) runs between the two stations. Having looked 
at Fig. 17, and read the description on page 16, it will be 
seen, on referring again to Fig. 114, that pressing the button 
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of push P puts the positive pole L of the battery D to line, the 
circuit through bell B being as follows : Pole C of the battery 
D, wire a, bottom contact and spring of push P, line, spring, 
and top contact of push P', wire &, bell, and earth ; the other 
pole of the battery being also put to earth. The circuit closed 
by pressing push P', is from battery D', wire d^ bottom contact 
and spring of push P', line, spring, and top contact of the push 
P, wire ^, bell and earth; the other pole of the battery D' 
being likewise put to earth. A Morse key is frequently used 
instead of the push shown, though, of tfie :tSf!D^ Jfbr/ general \ 
purposes, a good substantially ^Doiade dpuble 'contact push " Is " 
much to be preferred. .. l^ ^ //. I • JT-* !. *I- ^^f 

Connecting-up burglar alarm cowtocte.^f^ig'.TlS shows* Eow" 
burglar-alarm door and window contacts should be connected- 
up, a window and door being shown so connected. The door 
is protected by a contact of the form shown in Fig. 27, the 
top sash by the form shown in Fig. 24, and the bottom sash 
by the form shown in Fig. 26. Opening either the window 
or the door closes the circuit, causing the bell to ring ; the 
action that takes place being the same as that described for 
Fig. 107. The switch shown at W is for the purpose of 
breaking the circuit in the daytime, so that the ordinary 
opening and shutting of the windows will not ring the alarm 
bell. By a slight addition to the hall clock, it may be made to 
break the circuit in the day and close it again at night, thus 
doing away with the necessity for a switch, which is very often 
liable to be forgotten. A modification of this arrangement 
(Fig. 115) is much used in factories, &c., to insure all the 
windows being shut before the premises are closed for the 
night. Instead of the continuous ringing bell shown in 
the figure being used, a small vibrating bell is substituted. The 
bell will ring, should any of the windows be open, when', as a 
test, the arm of the switch W is moved into the position 
shown. 

Closed circuit ringing, without relay. — A better means, however, 
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of protecting the windows and doors than by the method showi 
in Fig. 115 can be obtained by employing what is known as the 
•* closed circuit system." It will be seen by glancing at Fig. 
115, that if either of the wires leading to the contact on the 
door are cut or otherwise severed, the contact on that door is 
rendered quite useless, and the door can be opened and shut 
without in any way affecting the alarm bell. But on the closed 
circuit system, as the alarm bell is started by opening the 
circuit, any cutting of the wires at once starts the bell, giving 
flfla alarKU^-^ :Theie :are two different ways in which the closed 




circuit system may be caused to give the alarm, 1st, by employ- 
ing a special bell, working off the same battery as that which 
works the contact, or 2nd by employing a relay and a con* 
tinuous ringing bell, worked by a local battery. Fig. 116 shows 
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a safe fitted with a burglar alarm on tbe closed circuit system, 
by tbe first metbod. In the figure, D is tbe battery (a gravity 
Daniell), C the burglar contact on tbe safe, S tbe switch for 
cutting off tbe alarms when not required, and B tbe bell. 
This bell is an ordinary vibrating bell, fitted with a third 
terminal on the right hand side of tbe base, which terminal is 
connected to the contact post e, A special form of burglar 
contact is used (shown in detail in Fig. 117) which hredka and 
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not makes^ tbe circuit when tbe pressure is removed from the 
button &. So long as the circuit through the contact C is 
closed a current flows from the pole C of the battery D to wire 
d and switch S, and then through the switch to terminal 1 of 
tbe bell. From this terminal it flows through the magnet coils 
d, to contact post 6, terminal 3, wire/, contact c, wire g, to tbe 
zinc of tbe battery. This magnetises the magnet cores, causing 
them to attract tbe armature of the bell, holding it against the 
poles. Thus the armature is pulled away from tbe contact 
post, and retained in that position until the circuit is broken 
by tbe safe door being opened, or tbe wires to tbe contact 
severed. When this takes place the armature of the bell falls 
back against contact post 6, tbe bell continuing to ring until 
the switch W is moved. The circuit through the bell is as 
follows : — ^Pole of the battery D, terminal 1 of the bell, 
through the bell coils to contact post e, armature, tenninal 2, 
and by wire h to the zinc of tbe battery. 

Chaed circuit ringing with relay. — ^Fig. 118 shows a safe fitted 
trith a burglar alarm on the closed circuit system, by the second 
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method. B is the relay, D the main battery (a grayity Daniell)) 
and C the contact on the safe, E is the local battery (Leclanch^), 
B the bell, fitted with a oontinuons ringing attachment, and S 

Fig. 118. 




the switch for catting of the alarm bell. When the door of 
the safe is shut the circuit is as follows : — Pole c of the battery 
D, wire a, relay coils, wire &, contact c and zinc of the battery. 
This attracts the armature of the relay, causing it to break con- 
tact with the contact screw e. If now the circuit is broken the 
armature is released and makes contact with the screw e, which 
closes the local bell circuit, the current flowing from the 
positive pole P of the battery E, to switch S, terminal Q of 
bell B, through the bell to terminal L, wire /, armature of 
relay, contact screw e, to negative pole N of the battery. This 
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releases the catch on the lever of the bell B, which continues 
to ring nntil the switch is shut off. 

This last described method is to be preferred to the former, 
88 it will be seen on inspecting Fig. 116 that the alarm bell 
will oease ringing if the safe door is closed again, which is not 
the case in the second method. The advantage of the closed 
over the open circuit system is very great. In the " open 
circuit," the only means of knowing whether each contact is in 
order, is by actually testing each one, but in the '^ closed 
circuit," should the contact fail to close the circuit when the 
door or window is shut, an alarm is immediately given. It is 
often recommended to leave the wires exposed to view as much 
as possible in the closed circuit system, as it is very probable 
that the burglar would make a point of cutting all suspicious 
looking wires he came across, and so giving an alarm. But, it 
is obvious, that if he can cut, he can also join them together, 
thus rendering the contact useless. Therefore, if only one 
system is used, it is always best to carefully conceal the wire s. 
The most perfect alarm is obtained by combining the two 
systems, id est^ having two contacts on each door or window, 
one contact on the closed, and the other on the open circuit 
system. Then, if the wires are exposed to view, an alarm will 
be given whether the wires are cut or short circuited. It will be 
noticed that in the closed circuit the different contacts must be 
placed in series and not in parullelj as in the open circuit system. 

Connecting-up hothouse alarm. — Fig. 119 shows a method of 
connecting up the hothouse alarm shown in Fig. 36. The 
indicator I (the electro-magnet E of which is wound with two 
coils) is included in the circuit, in order to show whether the 
bell rings, because the house is too hot or too cold. The indi- 
cator is shown in detail in Fig. 60. The bell, battery, and 
indicator, are generally fixed in the attendant's cottage. The 
action of the ala>m is as follows : — When the temperature falls 
below a predetermined point, the tongue T touches the contact 
screw M, closing the circuit, the current flowing from the pole 
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of the battery D, throngli the bell to wire d, terminal a of 
the alarm, tongue T, contact screw M, terminal &, wire ^, one 
of the coils of the electro-magnet E (throwing the vane oyer 
into the position shown), and then to the zinc of the battery. 
Any rise in the temperature causes the tongue T to touch the 
contact screw N, closing the other circuit; the current now 
flowing from the pole- C of the battery to the terminal a of the 
alarm as before, tongue T, contact screw N, terminal e, wire ft, 
through the other coil of the electro-magnet E (throwing the 
vane oyer to the opposite side), and then to the zinc of the 
battery^ Two belk of different tone are sometimes employed 
instead of the indicator shown, or the alarm may be made to 
act direct on to the ventilating apparatus. 

Connectingup two magnetos. — ^Fig. 120 shows how two mag- 
netos should be connected-up. One terminal of each generator 
is put to earth, the other being connected to one terminal of the 
bell. The other terminal of the bell is put to line. Thus 
when the handle of generator G' is turned, the current flows 
from the armature of the generator to bell No. 1^ line, bell 
No. 2, generator No. 2, to earth, and from earth back to the 
armature of the generator, there being a current first in one 
direction and then in the other. The same action takes place 
when the handle of generator No. 2 is turned. Both bells ring 
when the handle of either generator is turned, the bells being 
in series. Any number of magneto bells, provided the gene- 
rator is strong enough, can be placed in series, without the 
ringing of the one interfering with that of the others. 

Connections for indicator. — Fig. 121 shows the connections for 
the indicator shown in Fig. 65. The circuit through the 
indicator when either of the pushes PS P^, P^ &c., are pressed 
is from the pole of the battery, through the relay coils, 
magnet coils of the movement corresponding to the push that is 
pressed, push, and then by the return wire to the zinc of the 
battery. The armature of the relay being thus attracted, the 
circuit through the bell is from c of the battery to belli 
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terminal B of the indicator, relay armature, contact screw, 
terminal Z, and zinc of the battery* 

Fig. 120. 
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An indicator and hell with extra hell for front door ptish, the 
front door push ringing either one hell or two hy means of a switch. 
— Figs. 122 and 123 show two methods by means of which the 
posh T may be made, in the daytime to ring both bells A and 
B, but at night only A. In Fig. 122 the pushes P\ P^, P^, will 
in the daytime also ring top bell A, but in Fig. 123 they do not. 
In both diagrams A is the bell at the top of the house, H the 
indicator, and B the bell, working in conjunction with it. 
P^, P^, P^ are the house pushes, and T the push at the hall door* 
When the arm of the switch S. is in the position shown, bells A 
and B will ring if the push T is pressed ; but they will also ring 
if pushes P^, P*, P^ are pressed. If the arm of the switch is moved 
over to the other side, push T, will only ring A, and pushes 
Pi, P^ P^, only B. In Fig. 123, however, if the arm of the 
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switch S is in the position shown, push T will ring bells A and 
B, while pushes P^, P^, P^ will ring B only. If now, the arm 
of the switch is moved over to the other side, the other two 
contacts are connected, and push T will only ring bell A, 
while pushes P^ P*, P^ will ring B as before. In Fig. 123 S 
must be a four point switch, the working of which will be 
clearly seen from the figure, and the bell A must be of the 
form shown in Fig. 112, being an ordinary trembling bell, with 
a third terminal fixed between the original terminals and con- 
nected to the screw J on the frame F (see Fig. 41, page 81) 
When the switch S is in the position shown, and the one in 
which it would be in the daytime, A is a single-stroke bell in 
series with B, which thus makes and breaks the circuit for it ; 
but if the arm of the switch is in the opposite position, A is 
made a trei^bling bell, and B is cut out of its circuit 

A few diagrams will now be given, showing the most usual 
methods adopted when fitting up the various apparatus in 
private houses, hotels, and similar buildings. 

Private house circuit; ptishes ring downstairs only, — Fig. 124 
shows the arrangement generally adopted for a small private 
house, there being a push in each room to ring downstairs, and 
one in the hall for the call bell. The push N rings the call bell 
B2, while the pushes PS P*, P^ ring the bell B* through the 
indicator H which is qi the simple form, working without a 
relay. In wiring the house, a main or battery wire m (shown 
darker for distinction) is run up to one of the terminals of the 
call bell branching off to the pushes P^, P^, P^, as it passes. A 
separate wire is then run from each of the pushes to the 
corresponding terminal of the indicator. Another wire r, is 
also brought down from the other terminal of the call bell to 
the push N, being cut here and then continued on to the other 
pole of the battery ; the current through the indicator also 
effecting a return to the battery by the lower portion of this wire. 

Private house circuit ; pushes ring both up and downstairs. — 
Fig. 125 shows an arrangement used in large private houses 
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when it is desired to be able to ring upstairs as well as down* 
stairs ; two pushes being placed in each room for this purpose. 
Pushes PS P^ P3 ring downstairs, while pushes T\ TS T^ ring 
upstairs. An indicator H, and bell B, are placed both at the 
top and bottom of the house, the indicator being of the form 
described for the previous figure. When wiring, a main wire, 
f» is run (as before) from one pole of the battery to the farthest 
push, and branches taken off at the most convenient points to 
the remaining pushes. A separate wire is then mn from each 
of the pushes, those that come from the pushes that are to ring 
upstairs going to the top indicator, and the others to the bottom 
one. A return wire r, is also I'un from the other pole of the 
battery to the top bell, branching off to the bottom bell 410 
it passes. The front and back doors should preferably ring on 
to separate bells instead of the ordinary house bell ; though, if 
the expense is objected to, they can, of course, be put on to the 
indicator. As to which pole of the battery the main wire from 
the pushes should be attached, provided the insulation is good, 
it does not matter which : but, as it is best to keep to one way 
of wiring, it is advisable to conform to the conventional method 
of attaching it to the positive. 

After the building has quite left the painters' and paper- 
hangers' hands, the pushes, bells, and indicators must be fixed, 
a final test being made with the galvanometer to see that the 
wires are still in the same condition as when left at the com- 
pletion of the wiring. When connecting up the poshes, care 
must be taken not to overturn the screws under which the wires 
are fixed, for with the majority of pushes as sent out the screws 
are very small, and generally screwed down hard ; consequently 
when the screws are slacked out and the wires placed under 
them it is very rarely they will bear the turning necessary to 
get good contact. If the pushes are hard wood and the screws 
small, it will amply repay to take out the small ones, re-drill, 
and put in larger ones. Before cutting off the ends of the 
wires to connect to the push, a little of the slack should be 
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"worked back into tbo tube, tbus allowing of tbe connection 
being made again should it break at any future time. The 
pushes having all been connected up, the next thing is to fix 
the bell and indicator. In this country the general practice is 
to place the bells with the gongs downward, though it is 
obvious they will work equally well in any position. A bell, 
however, adjusted for ringing in one position, will, of course, 
require fresh adjustment if fixed in another. The best plaoe 
for the bell that works in connection with the indicator is just 
above the indicator, which, like the bell, must be screwed to a 
wood block fixed at the time the house was wired. 

Nothing looks so bad as a bundle of wires all twisted and 
hanging about loosely, and if there has been any slovenly wiring 
in a house it will always be found in its most violent form at 
the indicator. The tubes carrying the wires should either end 
behind the indicator, and the wires brought over to the top and 
fastened to their respective terminals, or else, if the battery is 
in a cupboard near, the tubes should end in the cupboard, and 
the wires continued on the indicator, tied up into a neat cable. 
A very good way, however, and the one adopted by the author, 
is to stop the tubes just beneath the ceiling above the indicator, 
and then to run a light, flat casing, neatly stapling the wires 
down inside in the order that they come out of the tubes. This 
method, besides having a very neat appearance, allows of the 
various circuits, so far as they branch off into the tubes, being 
inspected at a glance. Having fixed the indicator bell, and 
brought all the ends of the wire to the indicator, nothing now 
remains but to fix the right wires under the different terminals 
of the indicator. To do this, the battery (having been pre- 
viously charged) must be put into its proper position and con* 
nected up. The assistant must then be sent to the different 
pushes in succession, going from room to room in a pre-arranged 
order. At each room he holds the button of the push till he 
gets the signal to leave go, when he proceeds to the next. 
Whilst the assistant is pressing the push, the ends of the wires 
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must be touched in Baccession on any tenninal of the indicator 
till the bell ringf>, when the wire that causes the bell to ring 
must be inserted under that terminal of the indicator which 
corresponds to the room the assistant is in. A small metal 
wedge should be included in the fitter's outfit, which (if no 
assistant is at hand) can be inserted between the springs of the 
push to close the circuit. 

Arrangement of the Circuit for Hotels^ de. — For hotels and 
other large establishments the arrangement shown in Fig. 126 
is usually adopted, as being more convenient than using one 
big indicator, which would in addition necessitate running the 
whole of the wires to the ground floor. The indicator H on 
the ground floor merely indicates from which floor the summons 
has been sent, while the indicators H^, H', H', and H^ placed 
on the respective floors, indicate the particular room. A bell 
and indicator are placed on each floor, the indicator being of 
the form shown in Figs. 65 and 67, in which a relay is 
employed to close the bell circuit. 

Suppose, now, the push P^ fourth floor is pressed, the circuit 
through the push is as follows :— Pole C of the battery D, main 
wire m, push P^ fourth floor, terminal 1 of the indicator H\ 
magnet coils of the movement, relay coils, terminal Z of the 
indicator, wire r, terminal 4 of the indicator H, magnet coils of 
moyement, relay coils, terminal Z of the indicator, wire Z, and 
zinc of the battery. This attracts the armatures of the relays 
in the indicators H and H^ causing the bells B and 6^ to ring. 
The circuit through the bell B^ is from the main wire m to 
the terminal of the indicator H^, relay armature, terminal B 
of indicator, bell B*, wire Z, and zinc of the battery. The 
circuit through bell B is from main wire m, terminal C of the 
indicator H, relay armature, terminal B, wire Z, and zinc of 
the battery. If Push P third floor is pressed, the same action 
takes place, only with indicators H' and H instead of H^ and 
H. The action is, of course, the same for the rest of the 
pushes, only with different terminals of the indicator. 
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It is in a case like this, that a good, substantially made 
pendolnm indicator is so much to be preferred to any kind 
that requires a shutter or Tane to be replaced by the attendant 
before it can be used again, as with the almost incessant ringing 
of bells in a large hotel the most careful of servants will 
repeatedly forget to replace the shutters. 

The main wire (shown darker) from the pushes is, in the 
diagram, taken to the positive pole of the battery, and to this 
pole, provided the wiring has been done in a substantial manner, 
it is, as was previously stated, advisable to put it On referring 
to the diagram, however, it will be seen that if the main wire m 
is broken — ^let us say, at the point X, the top indicator, with 
all its dependent pushes, will be disconnected, and the further 
down the rupture occurs, the more pushes and indicators are 
cut out, until a rupture in the wire at p will cause a break-down 
in the communication throughout the entire building. Now if, 
in a badly-wired building, where the insulation of the wires is 
poor, staples have been injudiciously used, and the situation 
of the wires is naturally damp, a continual leakage takes place 
between the wire m and all the remaining wires. By the elec- 
trolytic action of the current the copper is eaten away from the 
> main wire, the main wire getting thinner and thinner until a 
jar or variation in the temperature causes the final separation, 
stopping all communication. 

Thus, in the case of a large hotel where the insulation has 
broken down, and owing to the place being full, it is not con- 
venient to at once remove the faulty wires, the rupture of the 
main wire may be prevented by simply reversing the battery 
connections, by this meaiis putting zinc to die main wire. The 
action on the main wire now ceases, and if a rupture occurs it 
will be in one of the other wires, which will only affect that 
push or bell to which it happens to be attached. This con- 
tinuing of the communication is, of course, only at the expense 
of the battery, and the faulty wires must be renewed' as soon as 
possible* 

X 
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The front and back door bells would, of course, be separate 
from the system of bells from the various rooms, and likewise 
the communication with the lift next to be described. 

Communication with the Lifts. — ^In hotels, and similar build- 
ings, some method of communicating with the lift, by means of 
which a person can signal to the attendant and receive an inti- 
mation that the summons has been heard, and will be attended 
to, is an absolute necessity. For this purpose nothing can be 
so readily adapted, or will so fulfil all the necessary conditions, 
as a good system of electric bells. There are two systems that 
can be adopted — 1st, that in which naked copper wires and 
contact springs are used for making connection with the lift- 
cab ; and, 2nd, that in which (with the same object in view) 
a flexible cable is employed. Of the two, the first has a slight 
advantage over the second in the matter of cost, as it effects a 
considerable saving in the quantity of wire used, though much 
will depend on the selection of the particular system, on the 
construction of the lift, and the space at one's disposal. 

As the difference between the two systems consists merely in 
the manner in which connection is made between the fixed wires 
and the movable cab, the connections of the various bells, 
pushes, &c., will be the same in each, so that a description of 
the one will refer equally to the other. In either system, then, 
a push and bell are required on each floor, and a bell and in- 
dicator must be fixed in the lift-cab, the indicator having as 
many '* drops " as there are floors. This indicator must be of 
such design that the ordinary stopping and starting of the lift 
will not jolt over the vane or release the shutter. For this 
reason most of the indicators that would be suitable for a house 
would be useless for this purpose ; therefore some such form as 
shown in Figs. 127 and 128 must be adopted. This is the 
ordinary telephone indicator, such as is used in telephone ex- 
changes, and consists of an electro-magnet, e e, firmly screwed to 
the frame /, to one end of which is pivoted the shutter «. Above 
the magnet e e is the armature a, pivoted at g, and fitted at one 
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end with the oatcb c, which engages with the shutter «• When 
the current passes through the coils of the electro-magnet its 
armature is attracted against the pressure of the spiral spring t^ 
and the catch moves upwards, releasing the shutter, which falls 
over outward by reason of its being set a little out of the per- 
pendicular, thus disclosing the number printed on the card A. The 
tension of the spiral spring t^ can be adjusted by the milled screw 
m. Fig. 127 is a side view of the indicator, and Fig. 128 a front 
elevation with the shutter down. Fig. 129 shows the lift-cab 
fitted with a bell, and a four-drop indicator of the form just 
described. Beply keys are also shown at the bottom of the 
indicator, and likewise the connections to the springs on the top 
of the cab. 

When fitting up the lift on the first-mentioned system a 
stout oak block (Fig. 130), must be fixed both at the top and 
bottom of the lift shaft, and the naked copper wires, one for 
each fioor and one for each pole of the battery, stretched from 
top to bottom, the ends of the wires being fixed by metal pegs, 
after the manner employed for piano wires. The best method 
of fixing the pegs and wires is by employing the lift itself. 
Having got the wires and pegs together, get on top of 
lift-cab and send it up to the top of the shaft till the top block 
is well within reach. Mark off on the block six points, leaving 
two inches between each point and two inches between the 
outside points and the ends of the block. Now with a gimlet 
slightly smaller than the metal pegs bore a hole at each of the 
marks, and drive in a peg, giving each peg two or three turns so 
as to cause it to bite. Next insert one end of the coil of wire 
(No. 14 B.W.G. uninsulated) in the hole in the end of the peg, 
taking two or three turns round it, and then having seen that 
the coil is likely to run out freely, start the lift slowly down- 
wards, paying out the wire as it descends, till the bottom block 
is reached, when the wire must be cut off, and the remaining 
wires brought down in a similar manner. When all the wires 
have been brought down, the bottom block must be marked off 

I 2 
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bored, and pegs driyen in after the manner described for the 
top block, and the ends of the wires put into the holes in the 
ends of the pegs. The pegs must then be turned round, 
tightening up the wires until they begin to stretch, when they 
will be perfectly tight. Care must be taken that the wires are 
quite parallel with the traverse of the lift, or the springs will 
not ride easily. If the lift has been properly erected, it will 
be sufficient to hang a weight on the bottom of the first wire, 
after it has boon fixed at the top, and a mark made where it 
hangs, the others being marked off from this point. 

The wiring of the lift-sjiaft having been completed, the next 
thing is to run the wires from the pushes and bells on the 
respective floors to the shaft, joining them into the wires that 
have been stretched from top to bottom. Fig. 134 shows the 
arrangement of the various apparatus, there being a bell and 
double contact push on each landing, which pushes were 
shown in detail in Fig. 17, page. 16. When wiring, a wire 
is first run from the bottom contact of each push to the lift- 
shaft joining into the wire e that is connected to the posi- 
tive pole of the battery. A wire is next run from the top 
contact of each push to one terminal of the bell on the same 
landing, being continued on from the other terminal to the 
shaft, and joined into the wire z^ which is in connection with 
the negative pole of the battery. A wire is also run from the 
spring of each push, and joiLcd into the shaft wire corre- 
sponding to the landing from which it comes. 

As it is very seldom that a good fixing is to be obtained 
for the wires in the lift-shaft, it is well, when fixing the 
shaft wires as described above, to select for this purpose the 
side of th^ shaft nearest to the pushes, so as to shorten, as 
much as possible, the distance through which the wires from 
the pushes must be run. If, however, space does not permit 
this, the wall must be ^plugged" at such places as it is 
necessary to obtain a fixing, and the wires stapled to the 
wooden plugs. In joining the wires from the pushes and bells 
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into the shaft wires, the connection must be made at the back 
of the shaft wires, so that the joints will not interfere with the 
contact springs, as they move np and down with the lift 
Fig. 132, which is a side yiew, shows how this should be done. 
The end of the wire B from the push, is turned np and soldered 
on to the shaft wire A, which, if properly done, should leave 
no solder on the front of the wire, thus securing a smooth 
surface for the spring. The wire B must be fixed at the point 
where it leaves the wall to join the shaft wire, so as to prevent 
the joint coming to the front, should the wire A have a tendency 
to twist at any future time. 

In order to follow out the circuits. Fig. 129 must be 
imagined placed in the lift shaft of Fig. 134, the springs 
(1, 2, 3, 4, c, z) on the top of the lift-cab coming over their 
respective shaft wires, with which they would in actual practice 
maintain a rubbing contact Pressing either of the pushes, 
pi, P2, P», or P will ring the bell B in the lift-cab, and release 
the shutter of the indicator, corresponding to the floor from 
which the signal has been sent, while pressing the keys at the 
bottom of the indicator H will ring the bell fixed on different 
landings. Suppose, for instance, push P* on the third landing 
is pressed, the circuit closed by pressing in the button, is from 
the pole C of the battery D, shaft wire 0, wire O, bottom 
contact of push P', push-spring, wire jp, shaft wire 8, spring 8 
on top of lift-cab, wire G, key d at the bottom of indicator H, 
top contact, wire 6, coils of indicator No. 8, framework of 
movement, wire /, spring Z on top of cab, shaft wire Z, and 
zinc of the battery. This attracts the armature of movement 
No. 3 of the indicator H, throwing down the shutter, as shown 
in the figure. The shutter falls on to the copper rod ^, causing 
the bell B to ring, the circuit closed being as follows : pole C 
of the battery D, shaft wire c, spring c, wire w», bell B, wire ^, 
rod ^, shutter S, frame of movement 8, wire/, spring Z, to zinc 
of the battery. The bell continues to ring until the shutter is 
replaced by the attendant, which breaks the bell circuit He 
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then presses the key a at the bottom of the indicator H, which 
makes contact with the brass plate n, causing the bell B' on the 
third landing to ring ; the current flowing from the pole G of 
the battery to the shaft wire c, spring «, wire m, brass plate n, 
key d, wire c, spring 8, shaft wire 3, wire p, push spring, top 
contact of posh F*, wire r, bell B', wire <, shaft wire Z, and- 
zinc of the battery. The same action takes place if any of the 
other pushes are pressed, only with different movements of the 
indicator H ; and different keys must, of course, be used for 
replying. When the lift cab is down at the bottom of the 
shaft, the spring k placed at the top of the cab makes contact 
with the brass plate W fixed in the shaft, and puts the bell J 
(which bell is fixed in the porter's lodge or any other place 
where the attendant is likely to be when not in the lift) in 
parallel with the bell B in the cab, so that if a signal is now 
sent from any of the landings, both bells will ring, the circuit 
being as follows : — Pole C of battery D, shaft wire c — ^here it has 
two paths to the wire g, one by wire X, bell J, wire Y, contact W, 
spring i, and wire R, and the other by spring c, wire «i, bell B, 
there being a common return from both bells by wire ^, rod g, 
shutter S, movement 3, wire /, spring Z, and zinc of the battery. 
Fig. 181 is a side elevation showing the contact spring 8 
fitted on to the cab c by means of the block 5, and pressing 
against the shaft-wire w. The springs should be set well in 
towards the wires at the bottom, and must not be too long ; 
otherwise a disagreeable chattering noise will be made as the 
lift moves up and down. Brass springs are much to be pre- 
ferred to any description of rollers, as these run round and 
round and have no tendency to keep the wires bright ; thus the 
contact, after a time, becomes very indifferent. The wires 
scarcely wear at all, as most of the wear comes on the springs, 
which can easily be renewed at a trifling cost. The practice of 
hanging weights on the ends of the shaft wires, instead of 
fastening them off with the metal pegs, is not advocated, as it 
has a great tendency to cause the wires to break. 
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The battery should never be placed at the bottom of the lift 
shaft, as no matter what constraction the lift, there is almost 
always some leakage, which keeps the place constantly wet. 
The best position, perhaps, is at the top of the lift shaft, where 
a beam can generally be fomid on which to stand it ; but if this 
is not obtainable, it may be placed in some room the wall of 
which adjoins the shaft, and a hole knocked through for the 
wires. 

Fig. 133 shows a lift shaft and cab fitted with a bell and 
indicator, connection being made to the cab by means of a 
flexible cable. The connections of the pushes, bells, &c., for a 
lift worked on this system are the same as for the one just 
described, so the lift shaft shown in Fig. 133 can be substituted 
for the one in Fig. 134. When wiring for a lift on this system 
all the wires from tiie various landings must be run to a point 
(a) about half-way up the lift shaft, and joined to one end of 
the cable. This cable must be composed of a number of small 
insulated wires, so as to be very flexible ; and it is preferable to 
have each wire composed of a number of strands, as by this 
means the greatest flexibility is obtained. On^ end of the cable 
is suspended at the point a, and the other fixed to the top of 
the cab ; being usually supported out a little way by means of 
a wooden arm. It will be seen, on comparison, that more 
insulated wire is used in this system, while there is the addi- 
tional expense of a special cable, the lasting qualities of which 
are very doubtful. 

We will conclude this chapter with an explanation of some 
of the technical terms used in electric-bell work. 

B<Utery,-^The combination of cells which famish the current 
of electricity for working the bells, indicators, &c. 

Cell. — Each outer jar of the battery, with its two elements 
and exciting fluids, constitute a cell. 

Oxrcuit. — The wires, bells, indicators, batteries, &c., forming 
the path for the electricity. 

I>6^/ton.— The angle or number of degrees through which 
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the needle of the detector moves dnring the passage of a ooiFeiit 
round the coils* 

Earih return. — The use of the earth as part of the cizonit 

Earth wire. — ^The wire from the hell, battery, d:c^ leading to 
the water or gas pipes. 

Fault. — ^Any break or interraption of the circuit by which 
some of the operations are interfered with. 

Line. — The wire joining one station with another. 

lAne battery. — The battery which is used to send the currentei 
to line. 

Local battery. — ^The battery placed near the bell or apparatus 
required to be worked, which continues the ringing of the bell 
after it has been once started by the current from the line 
battery. 

Local circuit — The circuit through which the current of the 
local battery flows. 

Metallic circuit. — The use of another wire for return instead 
of earth. 

To connect up. — To join the bells, indicators, and other 
apparatus included in the circuit. 

To disconnect. — ^To remoye the ends of the wires from the 
terminals of the instrument, thus cutting it out of the circuit. 

To make *' earth." — To connect the wire to earth. 

A short circuit. — A fault caused by two wires coming to- 
gether so as to form a shorter path for the current, diverting 
the whole or greater part of it from its proper course. 

To short circuit a cell. — To join the terminals with a piece of 
wire. 

To short circuit an instrument. — To join the terminals of the 
bell, &c., with a piece of wire. 
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CHAPTER Vn. 

THE DETEOTOB, AND LOCALISING FAULTS. 

Both for localising faults and in order to ascertain tlie con- 
dition of the batteries, a small galvanometer — ^technically called 
a ** detector"— should be provided. Figs. 135 and 136 (which 
are full size) show the most usual form of this instrument, 
Fig. 135 being a front elevation, and Fig. 136 a back elevation ; 
the back part of the case having been removed at the hinges. 
As will be seen from the drawing, it consists of a mahogany 
box a, into the front of which a circular aperture has been cut. 
Inside this box is fastened the brass plate &, one side of which 
is silvered and marked with a scale, the plate being so fixed 
that the scale is visible through the aperture. To the back of 
the brass plate are fixed the two brass bobbins c c, on which the 
wire has been previously wound, two bobbins being generally 
employed in preference to one, as this method offers greater 
facilities of construction. The instrument has two needles — 
the smaller one working inside the brass bobbins, its lower or 
N. end being weighted for the purpose of bringing the needle 
to zero, the weight being merely such as will suffice to coun- 
teract the "dip" and keep the needle vertical. The other 
needle, which is lighter and longer, is placed in front of the 
dial, and immediately indicates the passage of a current through 
the coils of the detector by being deflected over the scale either 
to the- right or left, according to the direction of the current. 
Both needles are carried by a common spindle, the front end 
of which is supported by the bar screwed on to the front of the 
dial, and the back by the screw d seen betvieen the bobbins in 
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Fig. 135. 
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Fig. 136, the piyots in the more expensive instruments being 
jewelled. 

The instmment is wonnd for quantity and intensity as it is 
usually called, the quantity or short coil consisting of a single 
layer of thick wire having a low resistance, generally some 
decimal of an ohm, and the intensity or long coil having a 
number of layers of very fine wire with a resistance of 150 to 
200 ohms. The ends of these coils are connected to the three 
brass terminals on the top of the case, so that terminals 1 and 2 
will give the quantity coils, and terminals 1 and 3 the intensity 
coils. A brass ring m is also fixed to the top of the case for 
convenience in carrying it about. 

As, however, the scale of the detector is frequently hidden 
by the brass rim that holds the glass when standing on the 
ground, the scale is sometimes marked on the lower half of the 
dial ; or a mirror is attached, which can be set at any angle, so 
that the scale can be easily seen when standing- in almost any 
position. Detectors can also be obtained with the intensity 
coil, provided with a shunt of one-ninth its resistance, so that 
when the shunt is put in circuit (which is done by means of 
a switch), one-tenth of the current only passes through the 
intensity coils, which greatly increases the utility of the instru- 
ment The dial of the detector is graduated in degrees, and it 
may be as well to point out that the graduations on the scale 
are not proportional to the current flowing. It is fairly accu- 
rate up to 20°; but as the needle moves further and further 
from parallelism with the coils, the effect of the current gets 
less and less, until at right angles, or 90^ it is practically nU, 
As detectors vary considerably, no standard table of deflections 
for a certain current strength can be given ; but each detector 
should be coupled up to a good cell of the difierent sizes, and 
the deflection noted for future use, the quantity coils being 
used for this test, as a very bad cell will give a good deflection 
on the fine-wire coils. A detector of the form shown in the 
drawing, and having the quantity coils wound outside the 
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intensity, the resistance of the quantity being '3 ohm, and 

the intensity 120 ohms, will give, roughly, on a newly set-up i 
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Leclianch6 (porous pot form), No. 1, 26° ; No. 2, 45° ; No; 3, 60° ; 
the deflection on the intensity coils being, of course, about the 
same for all sizes. 

In addition to the detector, a low resistance voltmeter will be 
found very convenient. The condition of the cells can be 
better ascertained by its use as it shows at once the E.M.F. of 
each cell. A form of this voltmeter as manufactured by the 
Wallsall Electrical Co. is shown in Fig. 137. As will be seen 

Fig. 137. 




from the figure, the instrument is ^* direct reading," the scale 
being graduated from one to four volts in fifths of a volt. It is 
also to be obtained with the scale graduated from one to three 
volts advancing by tenths of a volt and this instrument is better 
suited to the purpose for which the bell-fitter will require it. 
When a newly set up Leclanche cell is coupled up to the volt- 
meter the needle will indicate an E.M.F. of 1*6 volts, but if the 
cell has been at work a long time and is nearly exhausted its 
E.M.F. will be found to have considerably fallen, the deflection 
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being now from '8 to *3 according to the state of ezbaostioii 
of the celL 

The length of time that the electric bells in a boilding will ran 
without a ** fault " may generally be taken as a pretty good proof 
as to the quality of the workmanship and apparatus. If good ap- 
paratus has been employed, and the wiring done in a thoroughly 
substantial manner, the bells should run for a year to eighteen 
months without the slightest attention, and the only expense 
then should be a few pence for recharging the battery. But if 
with a view to cheapness inferior apparatus and badly-insulated 
wire is used, there will be a continual occurrence of faults 
throughout the entire building, and the bells will be nothing 
but an intolerable nuisance. 

We will now turn our attention to some of the defects that 
may be looked for in the various apparatus. 

Pushes will often give trouble from deterioration of the cor* 
nection between the ends of the wires and the contact springs* 
If the wire used is not ** tinned " the ends quickly oxidise, and 
unless they have been well inserted between the contact spring 
and the washer on the screw, the connection rapidly deteriorates, 
finally introducing so much resistance that the bell will not riug 
through it. In ship-wiring the deterioration of these connections 
are much more rapid, and it is always advisable in this case to 
secure the ends of the wires to the springs by soldering. In 
the best pushes the springs are of German silver or aluminiun^, 
the tips, at the point where they make contact with one another, 
being faced with platinum. Pushes thus constructed are very 
free from defects, but German silver or other rubbish is frequently 
substituted for the platinum, or very often nothing is used at 
the point of contact but the surface of the spring itself. Trouble, 
therefore, often arises from insufficient contact between the 
springs themselves. The contacts may easily be tested to find 
out whether they are really platinum or not, by applying by 
means of a glass rod some nitric acid to the contact. If the 
metal bubbles up it is not platinum, but probably German silver. 
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as platinnm is not attacked by nitric acid. Sometimes a short 
circuit will occur between the two wires that run to the push, 
either from the insulation of the wires having been stripped too 
far back, or from the edge of the zinc tube, where it ends in the 
block at the back of the push, not having been turned over pro^ 
perly ; the sharp edge of the tube penetrating the covering. When 
the hole in the back of the push is of insufficient size to permit 
of the two wires with their insulating covering being brought 
through, it is always better to enlarge the hole, in prefereuce to 
the practice sometimes adopted of stripping the insulation of one 
of the wires right back, and bringing the two wires through, 
the one bared of its insulation. 

Bells, unless the workmanship is very bad, rarely give much 
trouble. They ai^e liable, however, to get out of adjustment, and 
the ringing of the best bells can be spoiled for want of knowing 
how to adjust them properly. Bells in which the separate parts 
are not mounted on a wooden frame independently of the wooden 
base should never be used, as owing to the warping of the base 
they will never keep the same adjustment for any length of 
time. As in pushes, German silver is frequently substituted 
for platinum in the contacts, and if a bell rings badly and 
cleaning the contacts sets it right for a little while, some metal 
other than platinum may be suspected of being used. This 
should be tested as was advised in the case of the push- 
springs, care being taken to wipe off the acid should the contact 
be found to be platinum. Bells in which the bobbins are of metal 
instead of wood will frequently give trouble by the ends of the 
wires at the point where they leave the coil coming in contact 
with the checks of the bobbin, thus short circuiting the belL 
In the cheaper bells where an iron base is used either one or 
both of the terminals are insulated from the iron frame; These 
terminals owing to the vibration of the movement, sometimes 
work to one side and touch the frame, thus cutting the move- 
ment out of the circuit. Very often when a bell rings at one time 
and not at another, it will be found on inspecting the bell that 
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the annatare is sticking to the poles of the electro-magnet thus 
holding the contact spring away from the post. This is dne to 
the iron of the electro-magnet not being so soft as it should be, 
the magnet retaining saf&cient magnetism, after the current has 
ceased, to hold the armature against its poles. As a prevention 
against this sticking of the armature the ends of the poles 
should be drilled and brass studs driven in, or a piece of 
thin gummed paper may be stuck on tfie inside of the arma- 
ture. 

Indicators will require a slight readjustment from time to 
time, though the pendulum or self-*replacing ones are better in 
this respect than the other forms. Indicators with electrical 
replacements, owing to their delicate adjustment, require the 
most attention. It is useless to attempt to adjust the indicator 
till it is fixed in its place, as, however well adjusted it has been 
beforehand, it is sure to require a final adjustment after it is in 
its place. A good way to adjust the indicator is to take off 
cell after cell from the battery till the bell just vibrates, then 
adjust the different movements to work with this number of 
cells ; the cells that were disconnected being joined up again 
after the adjustment is finished. This is preferable to adjusting 
the indicator with all the cells on, as when this is done, the 
movements being adjusted to work with the full current will 
often fail to act when the current strength is reduced, as is the 
case when the battery gets slightly exhausted. 

After the wiring of a building has been completed, and the 
pushes, bells, and battery fixed in their places, the wire from 
one of the poles of the battery should be disconnected, and the 
detector (using the intensity coils) inserted in the circuit in 
order to see if there is any leakage; for though any great 
leakage would probably manifest itself by causing the bell to 
ring, yet there might be a slight continual leakage which, 
though it apparently does not affect the working of the 
apparatus, means a constant waste of battery power. Should a 
deflection be obtained when the detector is put into the circuit. 
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the fault must be traced and removed, otherwise surprise may 
subsequently be expressed at the short life of the battery. 

Faults in the wiring, as was before stated, will be few and 
far between if the wiring has been done in a substantial manner, 
but in the case of a badly wired building when the insulation 
once breaks down it rapidly passes from bad to worse. Putting 
in new lengths of wire is of little good, for it only breaks out 
somewhere else, and it is doubtful if anything short of rewiring 
the whole building will be found efficacious. 

When renewing a length of wire that has given way in a 
building, where the insulation of the wires is in a doubtful 
state, the new piece should be run round the skirting, &c., in 
preference to drawing it into the tube by means of the old wire, 
as this will most probably only injure the insulation of the 
other wires. When a break or short circuit is suspected in one 
of the wires, the faulty wire can best be located at the indicator. 
For if a break occurs in the push of let us say No. 4 room, the 
indicator movement No. 4 will not act, or if a short circuit 
occurs between the two wires leading to No. 4 push, then No. 4 
indicator vane will not stop up when replaced. The wire 
leading from this movement must then be traced back towards 
the push till the faulty place is found. 

For out-door work, such as when testing underground or 
overhead wires, a small portable wooden box containing three 
gmallest size Leclanch^ cells and a detector will be found very 
convenient. When locating a break in an underground wire 
where an earth return is employed, the wire at one end of the 
line is disconnected from the instrument, while that at the other 
is left connected up. One end of the line thus makes earth, 
though the other is left free. Taking the box with cells and 
detector, and starting from the end of the line that is put to 
earth, we proceed along the line to the most accessible point 
and dig up the wire. We then put one of the poles of the 
battery to earth, which can be done by driving an iron rod into 
the moist ground, and connect the oth^ to one terminal of the 
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detector, using the fine wire ooiLeu A short length of wire is 
next joined to the other terminal of the detector. With a knife 
the coyering of the wire to be tested is remoyed, care being 
taken not to nick the wire or remoye more of the insulation 
than is necessary to expose the copper, and the wire from the 
detector touched on the exposed place. If a moyement of the 
needle of the detector is obtained the wire is intact between the 
place tested and the end of the line that is put to earth, but if 
no deflection is obtained the wire is broken in this part. Care 
must be taken to see that a good earth connection is made by 
the iron rod. If the circuit is complete so far^ we must (haying 
first well insulated the bared place on the wire with Chatterton's 
compound) proceed to the next oonyenient place. Here we go 
through the same operation, and if the circuit is complete pro- 
ceed to the next, and sq on until no deflection of the needle of 
the detector is obtained, when the break will be between this 
place and the one last tried, at whicl^ the detector showed a de- 
flection. From this place we then work backwards till the fault 
is found. It must be borne in mind, howeyer, that this test is 
no good if the insulation of the line is fieiulty, and it makes 
" earth " anywhere, which should be preyiously ascertained. 

If the fftult was a leak to earth instead of a break, we must, 
before testing, remoye the ends of the wires from the instru- 
ments at both ends of the line. We next proceed to the most 
accessible place in the wire (preferably where we know there 
is a joint), and, haying arranged our detector as in the preyioua 
case, we cut the line wire and touch the end of the wire from 
the detector, first on one end of the line and then on the other ; 
the part which giyes a deflection being the faulty wire. We 
then try at different places in the faulty part till we sacceed in 
localising the fault 

When a fitter is called to a fault in any building, he should 
touch nothing until h€| is pretty sare what is the cause of, or in 
what direction the fault lies. More especially should this be 
attended to in regard to the wires. He should not touch the 
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wires until he is perfectly sore that the fault is in the wiring, 
for if the wires are cut here and there, as may be necessary 
when tracing a fault, it is seldom that the bare places, when 
bound up, will show the same insulation that they did before* 
He should first gain all information as to how and when the 
bells ceased to ring, or whatever the fault may be. If the beU 
rings, and the indicator does not work, he should not necessarily 
conclude that the fault lies with the indicator, and forthwith, 
fiercely attack the indicator with screw-driver and pliers, only to 
find, after he has taken the thing to pieces, that it was all right, 
and that the fault was really in the battery, which was nearly 
exhausted. The most frequent cause of the bells not ringing, 
is from the battery haying run down. When a fitter is called 
to a fault, and is told that none of the bells will ring, he may 
generally suspect the battery of being exhausted. He should 
first inspect the battery, joiniug up the cells to the quantity 
coils of his detector, and comparing the deflection with that 
obtained from a good cell, and should it be found exhausted, 
it must be recharged, directions for which are given in 
Chapter IV., on batteries. A break in the main wire 
close to the battery would cause a similar fault, and if the 
battery is found all right, this wire should be inspected, If 
the bell rings feebly while the battery is in good condition, a 
bad joint may be suspected in one of the wires. Faults occur 
in the pushes, and especially if the springs are not fitted with 
platinum contacts, and should the bell ring at one time, while 
it does not at another, dirty contacts will generally be found in 
the push ; but if push seems all right, the fault may be in the 
bell. If the bell rings continuously, a contact between two 
wires may be suspected, or the push spring may have stuck. 
Pulls, and especially the one at the tradesmen's entrance, are 
very likely to cause the bell to ring continuously, as the spiral 
spring loses its set, and after a time does not move the disc 
(see Fig. 22, page 18) back clear of the springs, thus keeping 
the circuit closed. 

K 2 
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When a fitter is ont on ''detective dnty," he will rarely 
reqnire his heavier tools, and the following articles (which will 
go easily into a small bag), he will find the most convenient to 
take with him : — 



1 pair of taper nose-catting pliers. 

1 unall Bcrew-driver. 

1 4-inoh smooth flat file. 

1 small rat-tail file, 

\ bradawL 

1 small hammer. 



8 spare zincs (one of each size), 

A packet of sal-ammoniac. 

A small box of staples. 

A sheet of emery cloth. 

A few binding screws. 

A small ooil of No. 20 paraffin wire. 



As a parting word to electric bell fitters, and all who have 
anything to do with electric bells, I say, Be thorough. Do not 
leave a piece of work with the words, " Oh I that will do," as 
nothing is so fatal to snccess in electrical work as apparatus 
erected in a manner that will just do. If a fault occurs, put it 
right at once, and put it right thoroughly, not merely patching 
it up, thinking to put it light at some future time. If you are 
screwing up the adjustment screw of a bell, remember you are 
working at a bell; and if you are adjusting an indicator, 
remember you are at work on an indicator, and not a 100 horse- 
power Galloway engine. 
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CHAPTEB VIIL 

POBTABLH SETS. 

When only temporary commnnication is desired between two 
places, what is known as a *' portable set," will be found very 
convenient. These sets consist of a battery, bell and push, the 
battery generally being enclosed in a wooden case, to the out- 
side of which is fixed the bell, connection being made between 
the bell and push by means of flexible wires. Portable sets are 
now to be fo]ind in innumerable shapes and designs, each 
manufacturer having his own arrangement. In order to aid 
the reader in the selcotlon of a good portable set, we will just 
glance at a few of the more important points that should be 
looked to when making a purchase: — 1st. The, battery should 
be either a " sealed ** or a " dry " one. 2nd* The bell should 
give out a loud char sound. 3rd. There should h& suitable 
means of rapidly coiling and uncoiling the flexible wire from 
the push. 4th. The set should have a neat appearance, and 
not be of an inconvenient size or shape, and 5th. If the set is 
for the use of an invalid — such as to be used for summoning 
the nurse — the push or pressel should be so constructed as to 
work with the slightest pressure. 

Portable sets that do not fulfil the first condition, i. e., 
contain a battery that is an ordinary or else a so-called sealed 
Leclanch6, have the objection that they are confined to one 
position, and moreover, if accidentally upset, a by no means 
infrequent occarrence, the contents are precipitated on any 
articles that may happen to be standing near it. Trouble also 
arises in a set with a battery of this form from the solution during 
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transportation, splashing on to the terminals, and destroying 
the connection. The ** circular" bell, except in the cheaper 
forms, is the one nsnally employed in portable sets, the hammer 
of the bell striking on a lug fixed on the inside of the gong. 
Sometimes, owing to bad construction or design, the gong gives 
out, instead of a clear musical sound, an unpleasant tapping 
one, and a set with a bell of this kind should be rejected, as it 
has not the penetrating effect of the proper bell. Bell sets 
that do not fulfil the third condition, have an untidy appear- 
ance, and the wire, owing to the want of something to wind it 
on when not in use, rapidly gets into tangles and kinks, which 
generally end in causing the wire to break at the kink. The 
wire employed is a twin wire, each wire, which is composed of 
a number of small strands, being insulated with silk. It is 




important that the set snould have a good appearance, as, from 
the nature of its use, it is more exposed to view than the 
ordinary electric bell, which is generally fixed in an out-of- 
the-w^y place in the kitchen or corridor adjoining it* 
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Fig. 138 shows a form of the portahle set The gong of 
the hell is mounted on the outside of the case, the movement, 
which is of special design, heing placed inside. The battery 
is a No. 2 sealed Leolanch6, and the flexible wire with push 
attached is, when not in use, coiled round the two prongs seen 
at the back of the case. At the top is a handle, by means of 
which it is carried from place to place. 

In the Jensen portable set a church-bell shape Jensen bell 
is employed, the bell being mounted on the top of the polished 

Fig. 139. 




mahogany case and supported off from the woodwork by four 
brass arms. The battery is a Jensen dry cell. 

Fig. 139 shows the "Brighton" lortable set. In this set 
a flat, polished walnut case is used, on which is mounted a 
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rimmed bell of special design. On one side of the case are two 
brass fittings, round which is coiled 30 feet of flexible wire, 
with an invalid pressel attached to the end of it The batterj 
employed is a Gkssner dry cell, which is so arranged that it 
can be easily taken ont and replaced, the two elements making- 
contact with two platinum pointed springs. On the top is a 
brass handle for convenience in carrying it about. The bell 
will ring in any position, and the battery, owing to the pressure 
of the springs, is entirely prevented from joltiog about. The 
set can thus be packed in with other things without any danger 
of their being spoilt by liquids leaking out, an objection which 
every set is open to that contains a *' wet " cell. 



Fig. 141. 



Fig. 140. 





Fig. 140 shows the Judson portable set, its chief speciality 
being its battery, which is of the corrugated carbon form, shown 
on p. 64. 

The electric trumpet of Messrs. Binswanger & Oo., as de- 
scribed on p. 45, is also to be obtained made up into a portable 
form. In places where a loud noise is not desired it is well 
adapted, as it can be easily adjusted so as to give out a subdued 
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sound. Fig. 141 shows a form of the portable electric bell set 
as manafactared by Messrs. Binswanger & Co. 

Portable sets, provided a good form of cell is used, require 
but little attention to keep them in order. A bad cell, how- 
' ever, owing to creeping of the salts and splashing of the 
liquids, will cause a lot of trouble, and nothing is equal to the 
dry cell for portable sets. The insulation of the flexible wires 
also frequently frays off, and as the two wires are generally 
twisted round one another, or else bound together, it causes a 
short circuit, cutting out the push. Thirty feet is the usual 
length of wire supplied with a portable set, though it is obvious 
that more can be added if required. If much more wire is put 
on, however, another cell must be added to the battery, as, 
owing to the increase of the resistance of the circuit caused by 
the addition of more wire, the ringing of the bell becomes very 
feeble. 
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^^, wiring, 114 
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, Abdank's, 88 
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i Swinton*8, 89 
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arrangement for, 83 
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Ohm's law, 73 
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S. 
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Testing, 130 
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A Treatise on the Use of Belting for the Transntis- 

sum of Power. By J. H. Cooper. Second edition, illustrated^ 8vo, 
cloth, 1 5 J. 

A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers, By Guilford L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations^ 744 pp. Twenty-second 
edition, revised and enlarged, 32mo, roan, 6j. 
Synopsis op Contents: 

Surveying* Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads— Hydraulic Formulae — Canals. Sewers, 
Waterworks, Docks— Irrigation and Breakwaters— Gas, Ventilation, and Warming— Heat, 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers— Millwork, Teeth of 
Wheels, Shafting, etc. — Workshop Recipes — Sundry Machinery— Animal Power— Steam and 
the Steam Engme — ^Water-power, Water- wheels. Turbines, etc. — ^Wind and Windmills^ 
Steam Navigation, Ship Building, Tonna|fe, etc. — Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Come Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc.— Useful Numbers — Differential and Integnd Calcu- 
lus—Algebraic Signs— Telegraphic Construction and Formula. 
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Hints on Architectural Draughtsmanship. By G. W. 

TuxFORD Hallatt. Fcap. 8to, cloth, is, 6d. 

Spons^ Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of ' Architectura] 
Surveyors' Handbook/ 'Hurst's Tredgold's Carpentry,' etc Ninth 
edition, 64010, roan, gilt edges, i/. ; or in cloth case, u. 6^. 
This work is printed in a pearl t^pe* and is bo small, measuring only si in. by zf in. by 
k in. thick, that it may be easily earned in the waistcoat pocket. 

"It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but ai m. by xf in., vet these dimensions faithfully represent the size of the handy 
little book before us. The volume— which contains xi8 printed pag^es, besides a few blank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat podcet, and containing a far greater amount and variety of information than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion."— ^i<(fi>i/miy. 

A Practical Treatise on Natural and Artificial 

Concrete^ its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the ' Science and Art of the Manufacture of Portland Cement.' 
Nevi Edition, with 59 woodcuts and ^ plates^ Svo, cloth, 15X. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upou Public Works. By John Newman, 
Assoc Mem. Inst C.E., crown Svo, cloth, 41. dd. 

Electricity as a Motive Power. By Count Th. Du 

Moncel, Membre de Tlnstitut de France, and Frank Geraldy, Ine^- 
nieur des Ponts et Chauss^es. Translated and Edited, with Additions, oy 
C. J. Wharton, Assoc. Soc TeL Eng. and Elec. With 113 engravings 
and diagrams^ crown Svo, cloth, 7^. 6^1 

Treatise on Valve-GearSy with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikiun of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated, Svo, cloth, I2J, (id. 

The French 'Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embod3ring, 
SmootMng, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, dd 

Hops, their Cultivation, Commerce, and Uses in 

various Countries. By P. L. SiMMONDS. Crown Svo, cloth, ^r. 6d, 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Capt Royal Engineers. With 112 illustratians, 
4to, doth, \2s. 6d, 
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Dynamo-Electric Machinery : A Manual for Students 

of Electro-technics. By Silvanus P. Thompson, B. A., D.Sc, Professor 
of Experimental Physics in University College, Bristol, etc., etc. Third 
edition, illustrated^ 8vo, cloth, idf. 

Practical Geometry^ Perspective^ and Engineering 

Drawings a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates » 2 vols., cloth, lor. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.&., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. IVith 93 illustrations^ crown 8vo, cloth, ^, 

A Practical Treatise on the Manufacture and Distri^ 

bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 2() platesy cloth, 2&r. 

Synopsis of Contents: 

Introduction— History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis 
Thompson, £sq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay — Retort Setting— Hydraulic Main — Con- 
densers—Exhausters—Washers and Scrubbers— Purifiers — Purification — History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station Meter — Governor — Distribution— 
Mains>-Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.-* 
Services— Consumers' Meters — Regulators— Burners — Fittings — Photometer— Carburization 
of Gas— Air Gas and Water Gas-KHomposition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter. Translated from articles in 
the * Cultur-Ing^nieur,* by Lowis D'A, Jackson, Assoc Inst. C.E. 
8yo, doth, \2s, 6d. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, y. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. With plates^ 8vo, cloth, \2s, 6^. 

B3 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt. R.E. With illustrations, 8vo, cloth, jj. 6d. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates, post 8vo, doth, 5^. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
7j. td. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap. 3. The principles expounded in the first and 
second chapters are applied to the Motion of Bcdies— <^hap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. COLYER, M.LC.E., 
M.I.M.E. With 20 plates, 8yo, cloth, i8r. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
1 1 plates* Second edition^ revised and enlarged, small 4to, doth, izs, 6d, 

A Practical Treatise on Mill-gearing, Wheels, Shafts^ 

Rigg^^i ^IC'i for the use of Engineers. By Thomas Box, Third 
edition, with 1 1 plates. Crown 8vo, cloth, "Js, 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
ANDRi, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation—Pumping— > 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railway Sy Canals^ 

Roads, etc, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2s. 6d, 
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The Science and Art of the Manufacture of Portland 

Cement^ with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,* etc., etc 8vo, cloth, i&r. 

The Draughtsman! s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9^. 

Contents : 

The Drawing Office and its Furnishings— Geometrical Problems— Lines, Dots, and their 
Combinations— Colours, Shading, Lettering, Bordering, and North Points— Scales— Plotting 
—Civil Engineers' and Surveyors* Plans — Map Drawing — Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometrical Formute, etc., etc. 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,* etc. Second edition revised, with illustra" 
tians, crown 8vo, cloth, 5j. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andr^, 
F.G.S., Assoc. InsL C.E. With 56 illustrations and 12 plates ^ 8vo, cloth, 
lOj. 6d, 

Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C. L. 
CoNDiT and J. Scheller. Illustrated^ 8vo, cloth, ioj. 6</. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3J. 

Laxtofis Builders^ and Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5j. 

LaxtorHs Builders' and Contractors Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, ^j. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egypt. With 
Introduction by Lieut-Col. J. C. Ross, R.E., Inspector-General of 
Irrigation. With numerous lithographs and wood engravings^ royal 8vo, 
cloth, i/. idr. 

Screw Cutting Tables for Engineers and Machinists ^ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., r.R.S., F.R.A.S., 
etc. Cloth, oblong, aj. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, 6^. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6^. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Glossary of Terms used in Coal Mining, By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E,, F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams, crown 8vo, cloth, Sj. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5j. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. With engravings, 
Svo, cloth, Qf, 
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Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to io,ooa Post 8vo, 
doth, dr. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates^ in one Volume, half-bound morocco, 2/. 2s, ; 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, aud Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities, etCy with a 
general description of the severed Instruments required for Surveying, 
Levelling, Plotting, etc By H. S. Merrett. Fourth edition, revis^ 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, cloth, 12s, 6d, 

Principal Contents : 

^ Part I. Introduction and the Principles of Geometry. Part a. Land Surveying ; com- 

Sising General Observations — ^The Cham — Offsets Surveying by the Chain only— Surveying 
illy Ground— To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying — Mapping — ^Division and 
Laying out of Land — Observations on Enclosures — Plane Trigjonometry. Part 3. Levelling— 
Simple and^ Compound Levelling— The Level Book — Parliamentary Plan and Section-— 
Levelling with a Theodolite— Gradients — ^Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities eenerally for Estimates— Cuttings and 
Embankments — ^Tunnels — Brickwork — Ironwork — ^Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting — ^The Improved Dumpy Level — ^Troughton's 
Level — The Prismatic Compass — Proportional Compass — Box Sextant — ^Vernier — Panta- 
graph — Merrett's Improved Quadrant — Improved Computation Scale — ^The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co-Sines — ^Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Havward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, 7J-. 6d, 
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The Assayer's Mantiali an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
ilitistrtUions, 8yo, cloth, 12s, 6d, 

Dynamo 'Electric Machinery: a Text -Book for 

Students of Electro-Technology. By Silvanus P. Thompson, B.A., 
D.Sc, M.S.T.E. Third Edition, revised and enlarged, 8vo, cloth, idf. 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc,t with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings, crown Svo, cloth, 6s, 

Contents : 

On Lathes-^Turning Tools— Turning Wood— Drillinpr^Screw Cutting— Miscellaneous 
Apparatus and Processes— Turning Particular Forms — Staining— Polishing— Spinning Metals 
—Materials — Ornamental Turning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthroff, M.A., F.S.A. With yi illustrations, crown 
8yo, cloth, 6/. td. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools— Time— Historical Sum- 
marr— On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal— The Duplex— The Lever— The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc Inst C.E., Author of * A Handbook of the DifTer- 
ential Calculus,' etc Second edition, crown Svo, cloth, 2s, $d. 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — ^Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio— Continued Proportion — ^The Series and the Summation of the Series- 
Limit of Series — Square and Cube Roots — Equations — List of Formulae, etc. 

Sponi Dictionary of Engineering, Civil, Mechanical^ 

Military^ and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo|, 
in 8 divisions, 5/. &r. Complete in 3 vols., cloth, 5/. 5^. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2j. 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. InsL M.E., 
Mem. Inst. C.E., Mem. Soc of Engineers. Crown 8vo, cloth, 2j. 6^. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustratums and 24 plates of 
Working Drawings, Crown 8vo, cloth, yj. 6^. 

Proceedings of the National Conference of Electricians^ 

Philadelphia, October 8th to 13th, 1884. i8mo, cloth, y. 

Dynamo - Electricity^ its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations, 8vo, cloth, i/. is. 

Domestic Electricity for Amateurs. Translated from 

the French of E. Hospitalier, Editor of "L'Electricien,'' by C. J. 
Wharton, Assoc. Soc TeL Eng. Numerous illustrations. Demy 8yo, 
cloth, 9J. 

COMTBNTS : 

I. Production of the Electric CurreDt—a. Electric Bells— 3. Automatic Alarms— 4. Domestic 
Telephones — 5. Electric Clocks— 6. Electric Lighters—;/. Domestic Electric Lighting — 
8. Domestic Application of tiie Electric Light— 9. Electric Motors— zo. Electrical Locomo- 
tion — zz. Electrotyping, Plating, and Gildmg~x2. Electric Recreations— Z3. Various appU- 
cations—Woricshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2s. 6d, 

Contents : 

1. The Electric Current and its production by Chemical means — 9. Production of Electric 
Currents by Mechanical means— 3. Dynamo-Electric Machines— 4. Electric Lamps— 
5. Lead— 6. Ship Lighting. 

The Practical Flax Spinner ; being a Description of 

the Growth, Manipulation, and Spinning of Flax and Tow. By Leslie 
C. Marshall, of Belfast With illustrations, 8vo, doth, 15J. 

Foundations and Foundation Walls for all classes of 

Buildings, Pile Driving, Building Stones and Bricks, Pier and Wadl 
construction, Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 illus- 
trations. By G. T. Powell and F. Bauman. 8vo, doih, lox. 6d, 
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Manual for Gas Engineering Students. By D. Lee. 

l8mo, doth is. 

Hydraulic Machinery^ Past and Present. A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H^ Adams, Mem. Inst C.E. Folding plate. 8vo, sewed, ix. 

Twenty Years with the Indicator. By Thomas Pray, 

Jan., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, I2s,6d. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1887. Issued March 1888. 8vo, sewed, 51. 

Bad Drains^ and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, y. 6d. 

Well Sinking. The modern practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc Mem. Inst C.E., Mem. Soc. Eng., and of the 
Franklin Inst., etc Second edition, revised and enlarged. Crown 8vo, 
cloth, lar. 6d, 

The Voltaic Accumulator : an Elementary Treatise. 

By 6mile Reynier. Translated by J. A. Berly, Assoc. Inst. E.E. 
If it A 62 illustrations, 8vo, cloth, 9^. 

List of Tests (Reagents), arranged in alphabetical 

order, according to the names of the originators. Designed especially 
for the convenient reference of Chemists, Pharmacists, and Scientists. 
By Hans M. Wilder. Crown 8vo, cloth, 4f. 6d. 

Ten Years Experience in Works of Intermittent 

Downward Filtration. By J. Bailey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, sewed, 47. 

A Treatise on the Manufacture of Soap and Candles^ 

LubricanU and Glycerin. By W. Lant Carpenter, B.A., B.Sc (late 
of Messrs. C. Thomas and Brothers, Bristol). With illustrations. Crown 
8vo, cloth, lar. td. 
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The Stability of Ships explained simply, and calculated 

by a new Graphic method. By J. C. Spence, M.I.N.A. 4to, sewed, 
y.td. 

Steam Makings or Boiler Practice. By Charles A. 

Smith, C.£. 8vo, cloth, lor. td. 

COMTKNTSt 

X. The Nature of Heat and the Properties of Steam— a. Combustion.— 3. Externally Fired 
Stationary Boilers—^ Internally Fired Stationary Boilers — 5. Internally Fired Portable 
Locomotive and Manne Boilers— 6. Design, Construction, and Strength of Boilers— 7. Pro- 
portions of Heating Surface, Economic Evaporation, Explosions— 8. Miscellaneous Boilers, 
Choice of Boiler Fittings and Appurtenances. 

The Fireman s Guide ; a Handbook on the Care of 

Boilers. By Teknolog, foreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, zs. 

A Treatise on Modem Steam Engines and Boilers^ 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colyer, M. Inst C.E., Mem. Inst M.E. 
With 2ff plates. 4to, cloth, 25J. 

Contents: 

z. Introduction — a. Original Engines — 3. Boilers— 4. Hieh-Pressure Beam Engines — 5. 
Cornish Beam Engines — 6. Horizontal Engines — 7. Oscillatmg Fi^ines — 8. Vertiod High- 
Pressure Engines— 9. Special Engines— xo. Portable Engines — zx. Locomotive Engine 
C2. Marine T 



Steam Engine Management; a Treatise on the 

Working and Management of Steam B( " ~ - - 

C.E., Mem. Ijist M.E. i8mo, doth, 2s. 



Working and Management of Steam Boilers. By F. Colyer, M. Inst 
M.E. 



Land Surveying on the Meridian and Perpendicular 

System. By William Penman, C.E. 8vo, cloth, %s. 6d. 

The Topographer, his Instruments and Methods, 

designed for the use of Students, Amateur Photographers, Surveyors, 
Engineers, and all persons interested in the location and construction of 
works based upon Topography. Illustrated with numerous plates, maps, 
and engravings. By Lewis M. Haupt, A.M. 8vo, cloth, iSj. 

A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, cloth, los. 6d. 



In tupm-toytl tvo, 1168 pp., m&Jk 9400 iamiroHon*, in 3 Divisions, doth, price xy. 6d, 
Mch ; or i toL, doth, •L ; or half-morocco, ai, St. 



A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Mbmb. Soc. Engineers. 



Abacns, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

BdU and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
IntegraL 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power, 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Navvy. 

Stone Machinery. 

Tramways. 

WeU Sinking. 



London: E. A F. N. SPON, 126, Strand. 

New York : 12, Cortlandt Street. 



NOW COMPLETE. 

JVifA nearly 1506 illusirationsy in super-royal 8to, in 5 Divisions, clothe 
Divisions i to 4, ly. 6d, each ; Division 5, 17/. 6^. ; or 2 vols^ doth, ^3 10/. 

SPONS' ENCYCLOPAEDIA 

OFTHK 

INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 



Adds, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 bgs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 
Bleaching, 51 pp. 48 



;pp- 

figs. 



Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. ^ 
Cements. Clay. 
Coal-tar Products, 44 pp. 

Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestufifs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 11 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 20 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. o figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20" 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engravings 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16* 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 ppi 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 3^ 

pp. 45 figs. 
Spices, 16 pp. 



Sponge, S pp. 
Starch, 9 pp. 
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10 figs, 
pp. 134 



Sugar, 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufacture^ 

58 pp. 39 figs. 



London: E. A F. N. SPON, 126, Strand. 

New York : 12, Cortlandt Street. 



Crown 8vo, doth, with illustradoiis, y. 

WORKSHOP RECEIPTS. 

FIRST SERIES. 
By ERNEST SPON. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

•Cement 

Cleaning. 

•Colourwashing. 

•Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 

(Cleaning, Dipping, 

Scratch-brushing, Bat- 
teries, Baths, and 

Deposits of every 

description). 
Enamels. 
Engraving on Wood, 

Copper, Gold, Silver, 

Steel, and Stone. 
Etching and Aaua Tint 
Firework Making — 

(Rockets, Stars, Rains, 

Gerbes, Jets, Tour- 
billons, Candles, Fires, 

Lances,Lights, Wheels, 

Fire-balloons, and 

minor Fireworks). 
Fluxes. 
Foundry Mixtures. 

Besides Receipts relating to the lesser Technological matters and processes, 
fiuch as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 



Paper. 

Paper Hanging. 

Painting in Oik, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o*-Pearl, and like sub- 
stances. 

Varnishes, Manufitctnre 
and Use o£ 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



London : E. & F. N. SPON, 126, Strand. 
New York : 12, Cortlandt Street. 



Crown 8vo, cloth, 485 pages, with illustrations, 5^. 

WORKSHOP RECEIPTS. 

SECOND SERIES, 

By ROBERT HALDANE. 

Synopsis of Contents. 



Acidixnetry and Alkali- 1 Disinfectants. Isinglass. 

metry. Dyeing, Staining, and Ivory substitutes. 

Albumen. Colouring. Leather. 

Alcohol. Essences. Luminous bodies. 

Alkaloids. Extracts. Magnesia. 

Baking-powders. Fireproofing. Matches. 

Bitters. Gelatine, Glue, and Size. Paper. 

Bleaching. Glycerine. Parchment. 

Boiler Incrustations. Gut Perchloric acid. 

Cements and Lutes. Hydrogen peroxide. Potassium oxalate. 

Cleansing. Ink. Preserving. 

Confectionery. Iodine. 

Copying. Iodoform. 

Pigments, Paint, and Painting: embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Eg]rptian, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder IsJce, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — ^by American, Dutch, French, 
Grerman, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removing smell, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming, 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re- varnishing^ 
how to dry paint ; woodwork painting). 



London : E. & F. N. SPON, 126, Strands 

New York: 12, Cortlandt Street. 



In demy 8to, cloth, 600 pages, and 1420 Illustrations, 6^. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture. 
Garden and Yard Erections, and House Building— Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply anS Sanitation— Hints on House Construction suited to new 
countries. 

London: E. & F. N. SPON, 126, Strand. 

New York : 12^ Cortlandt Street. 



H I W I ■ # i» ■— ' 

MAYFIELD & Co/'^ 

LIMITED, 

35^ Queen Victoria Street 

(WHOLESALE ADDRESS). 
WORKS: 

BERMONDSET STREET AND WOOLWICH. 

Manufacturers of Electric Bells and every article 

required for Electric Signalling, Lightning 

Conductors, Speaking Tubes, &c. 

EVERT ARTICLE MENTIONED IN THIS WORK 
AT WHOLESALE PRICES. 

Gassner Dry Cells, Dep6t for United Kingdom. 

Some idea of the cost of fitting Electric Bells 
may be obtained from the following list : — 

In each case an Indicator, Bell, Pushes, Battery, 
Wire, and Staples are included. 

. ... 250 
300 

. ... 3 15 o 
4 10 o 

Price List on application, also every information 
for special fitting. 
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fitting 
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rooms 
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RETURN CIRCULATION DEPARTMENT 
TO"i-^ 202 Main Library 


LOAN PERIOD 1 
- HOME USE 


2 : 


3 


4 


5 t 
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AU BOOKS MAY BE RECAUEO AFTER 7 DAYS 

) month loans may be renewed by calling 642-3405 

6month loans moy be rechorged by bringing books to Circulation Desk 

Renewals end rechorges moy be mode 4 doys prior to due dote 


DUE AS STAMPED BELOW 
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